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CROSS-REFERENCES TO RELATED APPLICATIONS 
5 [01] This application claims priority from U.S. Provisional Application No. 60/387,293, 
filed June 7, 2002, and U.S. Provisional Application No. 60/41 1,032, filed September 16, 
2002. The contents ofbothofthese applications are incorporated herein for all purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER 
10 FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT 

[02] NOT APPLICABLE 

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER 
PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK. 
15 [03] NOT APPLICABLE 

FIELD OF THE INVENTION 

I 

[04] This invention relates to improved agents for detecting the presence of CD^O- 
expressing cells ("CD30+ cells"), especially of CD30+ cancer cells, and for inhibiting their 
20 growth. 

BACKGROUND OF THE INVENTION 

I 
k 

r 

[05] Recombinant imniunotoxins are chimeric proteins in which a truncated toxin is 
fused to an Fv portion of an antibody. The binding activity of the Fv moiety targets tlie 
immunotoxins to antigen-positive cells, which are killed by the cytotoxic activity of tlie toxin 
25 moiety (Fastan L, Biochim Biophys. Acta, 1333:C1-C6 (1997); Kreitman R. J., Cuir, Opin. 
Immunol^ 11:570-578 (1999)). For cancer therapy, a number of different recombinant 
immunotoxins have been produced using Fvs that bind to tumor-related antigens and 
differentiation antigens such as CD22 and CD25 and a 38-kDa mutant form of Pseudomonas 
exotoxin A ("PE38") that lacks its cell binding domain (Chaudhary et al.. Nature, 339:394- 
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397 (1989); Brinkmam et al, Proc. Natl Acad. Sci. U.S.A, 88:8616-8620 (1991); Kreitman 
et al.. Blood, 83:426-434 (1994); Mansfield et al., Blood, 90:2020-2026 (1997); Kreitman et 
al.. Int. J. Cancer, 81:148-155 (1999)). The therapeutic potency of such immunotoxins has 
also been improved by protein engineering and chemical modification (Reiter et al., Nat. 

5 Biotechnol, 14:1239-1245 (1996); Chowdhury et al., Nat Biotechnol, 17:568-572 (1999); 
Ondaet al., J. Immunol, 163:6072-6077 (1999); Tsutsumi et al., Proc. Natl Acad Set U.S.A, 
97:8548-8553 (2000)). These efforts have been directed at making immunotoxins that are 
smaller for better tumor penetration, that are less immunogenic and less toxic to animals, that 
bind antigen with higher affmity, that are more stable, and that are suitable for large scale 

10 production (Kreitman R. J., Curr. Opin. Immunol, 11:570-578 (1999); Brinkmann U., In 
Vivo, 14:21-27 (2000)). 

[06] One of the important advances is the development of disulfide-stabilized Fv 
fiagments (dsFv) in which one of the variable chains genetically fused with PE38 is linked 
with the other chain by a disulfide bond between two cysteine residues enguieered in the 
15 fiame work region of eaeh chain. These immunotoxins showed greater stabiUty in vivo and 
in vitro than the widely used single-chain Fv (scFv) forms (Reiter et al., supra); Brinkmann et 
al., Proc. Natl Acad Sci. U.S.A, 90:7538-7542 (1993); Reiter et al., J. Biol Chem., 
269:18327-18331 (1994); Reiter etal.. Int. J. Cancer, 67:113-123 (1996)). 

[07] Recent clinical trials indicate that targeted therapy by recombinant immunotoxins 
20 shows great promise especially for some types of hematologic malignancies. The ai}ji-CD25 
scFv immunotoxin, LMB-2, produced major clinical responses in various types of lekemia 
and lymphoma (Kreitman etal., J. Clin. 0«co/., 18:1622-1636 (2000)), and the anti-iD22 
immunotoxin, RFB4(dsFv)-PE38, gave a remarkably high rate of complete remissions in 
patients with Hairy cell leukemia (Kreitman et al., Clin. Cancer Res., 6:1476-1487 (2000); 
25 Kreitman et al., N. Engl J. Med, 345:241-247 (2001). f 

[08] To extend the usefidness of immunotoxin therapy, it is important to develop 
immunotoxins against different targets. CD30 is a member of the tumor necrosis factor 
receptor super family. CD30 is an excellent target because it is usually highly expressed on 
malignant Reed Sternberg cells of Hodgkin's lymphoma (HL) and in anaplastic large cell 
30 lymphomas (ALCL), whereas it is only expressed in a small subset of normal lymphocytes 
and these can be resupplied from stem ceUs (Koon et al., Ciar. Opin. Oncol , 12:588-593 
(2000)). Although its fiinction is largely unknown, CD30 has been imphcated both in ceU 
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death and proUferation (Lee et al., J. Exp. Med, 183:669-674 (1996); WUey et al., J. 
Immunol, 157:3635-3639 (1996); Mir et al.. Blood, 96:4307-4312 (2000)). The possibiUty of 
using CD30 as a target for inmnmotoxin therapy has beai investigated in earlier studies using 
anti-CD30 monoclonal antibodies (MAbs) chemically conjugated with toxins (Engert et al., 

5 Cancer Res., 50:2929-2935 (1990); Terenzi et al., Br. 1 Haematol, 92:872-879 (1996); 
Engert et al.. Int. J. Cancer, 63:304-309 (1995); Pasqualucci et al., Blood, 85:2139-2146 
(1995)). 

(09} To obtain an anti-CD30 immunotoxin with better properties, recombinant 
inimunotoxins have been produced. Klimka et al. reported the production of a recombinant 

10 immunotoxin derived from the anti-CD30 MAb Ki-4 by fusing its scFv to truncated PE 

(Klunka et al., Br. J. Cancer, 80:1214-1222 (1999)). Recently, the anti-tumor activity of this 
knmunotoxin was reported in a SCID mouse model (Barth et al.. Blood, 95:3909-3914 
(2000)). The isolation of a new anti-CD30 scFv usmg the phage display technique and the 
properties of immunotoxms containing the scFv was also reported in RozemuUer et al., Int. J. 

1 5 Cancer, 92:861-870 (2001). All these recombinant immunotoxins showed specific binding to 
CD30-positive lymphoma cell lines and killed target cells as assessed by inhibition of protein 
synthesis with a 50% inhibition concentration (IC50) of 40-50 pM. The cytotoxic activities 
were, however, much less than an immunotoxin that targets CD25 on these cells, which has 
an IC50 of 0.2 pM (Reiter et al., Clin. Cancer Res., 2:245-252 (1996)). Only a limited number 

i 

20 of anti-CD30 Fvs have been suitable for making recombinant immunotoxins, and ev^ with 
respect to these, the cytotoxic activities of the immimotoxins was only moderate. *| 

[10] The ability of an immimotoxin to kill a target cell is dependent on intemalizktioiL 
Although improving the affinity of the targeting portion of the immunotoxin is helpful, since 

this tends to increase the time the immunotoxin bhids to the cell and therefore improves its 

i. 

25 opportunity to be intemaUzed, affinity of the targetmg portion of the immunotoxin, h^y itself, 
does not necessarily correlate with the immunotoxins* cell-killing ability. For example, the 
immunotoxin can be directed to a lysosome, where it is degraded, rather than to the cytsosol, 
where the toxin can be released. Unfortunately, the state of the art does not yet permit 
predicting which antibodies will make good immxmotoxins. Further, CD30 undergoes 

30 proteolytic cleavage, resulting in the release of a soluble portion of the protein, known as 

"sCD30.'' Immunotoxins which bind to sCD30 cleaved from intact CD30 are not available to 
be internalized into a target cell. Immunotoxins whose targeting portion binds to sCD30 
must therefore be administered in larger quantities than might otherwise be desirable to 
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compensate for loss of some of the immunotoxin by binding by free sCD30 in the 
extracellular fluids, such as the serum. This problem also extends to other 
immunoconjugates, such as a radioisotope attached to an antibody, to the extent that their cell 
killing or labeling abilities are reduced by binding to free sCD30 in the circulation. There 
5 remains a need in the art for immunotoxins directed against the CD30 antigen which have 
high cytotoxicity to target cells or which bind to intact CD30 but not to sCD30. 

BRIEF SUMMARY OF THE INVENTION 

[11] It has now been discovered that a residual, extracellular "stalk" of CD30 (SEQ ID 
10 N0:1) remains after cleavage of sCD30. The stalk provides an advantageous and previously 
unrecognized target for immunotoxins. The invention provides antibodies that bind to the 
CD30 stalk or to epitopes destroyed upon the, cleavage of CD30 which results in the stalk. 
The invention further relates to the discovery of new anti-CD30 antibodies that form effective 
immunotoxins and are particularly suitable for making disulfide stabilized Fv ("dsFv")- 
15 immimoconjugates. 

112] In particular, this invention provides antibodies that bind specifically to a stalk of 
CD30 (SEQ ID NO:l) of a cell, or to an epitope destroyed upon cleavage of sCD30 from 
mtact CD30. The antibody fragment can be an Fab, a recombinant smgle chain variable 
region, or a disulfide stabilized recombinant variable region ("dsFv"). In particularly^! 

20 preferred embodiments, the antibody or fragment tiiereof is a dsFv. hi some embodiAents, 
the antibody binds to a peptide consisting of residues 329 to 379 of CD30 (SEQ ID Np:l). 
In other embodiments, the antibody binds to a peptide consisting of residues 339 to 379 of 
CD30 (SEQ ID NO: 1). In yet other embodiments, tiie antibody binds to a peptide consisting 
of residues 349 to 379 of CD30 (SEQ ID N0:1). In stUl other embodiments, the antibody 

25 binds to apeptide consisting of residues 359 to 379 of CD30 (SEQ ID N0:1). hi stili otiier 
embodiments, the antibody binds to a peptide consisting of residues 369 to 379 of CD30 
(SEQ ID N0:1). In still other embodunents, ttie antibody binds to an epitope of CD30 
mapping to residues 329 to 379 of CD30 (SEQ ID N0:1). In stiU other embodiments, the 
antibody bmds to an epitope of CD30 mapping to residues 339 to 379 of CD30 (SEQ ID 

30 NO: 1). hi still other embodiments, the antibody bmds an epitope of CD30 mapping to 

residues 349 to 379 of CD30 (SEQ ID N0:1). In still otiier embodunents, the antibody binds 
to an epitope of CD30 mapping to residues 359 to 379 of CD30 (SEQ ID N0:1). In still 
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Other embodiments, the antibody binds to an epitope of CD30 moping to residues 369 to 379 
of CD30 (SEQ ID N0:1). If the antibody binds an epitope that spans the cleavage site or is 
discontinuous but binds to both sCD30 and to the stalk, it is preferable that the antibody does 
not increase the rate of cleavage of sCD30 from the intact CD30. Preferably, the antibody 
5 binds to an epitope mapping to Epitopes Ila or VI of CD30. In preferred forms, the antibody 
has one or more complementarity determining regions as shown in Figures 2a and 2b for 
antibody T105 or of T201. 

[13] In another group of embodiments, the invention provides composition comprising 
any of the antibodies described above, attached to a.therapeutic moiety. Typically, the 

1 0 antibody is attached to the therapeutic moiety by conjugation or by fusion (that is, the 

antibody-therapeutic moiety is expressed as a recombinant protein). In some embodiments, 
the therapeutic moiety is selected from the group consisting of a cytotoxin, a dmg, a 
radioisotope, or a liposome loaded with a drug or a cytotoxin. In some embodiments, where 
the therapeutic moiety is a cytotoxin, the cytotoxin is selected from the group consisting of 

1 5 ricin A, abrin, ribotoxin, ribonuclease, saporin, calicheamycin, diphtheria toxin, a 

Pseudomonas exotoxm ("PE"), and botulinum toxins A through F. In some embodiments m 
which the cytotoxin is a PE, the PE can be selected from the group consisting of PE35, PE38, 
PE38KDEL, PE40, PE4E, and PE38QQR. The compositions described above can ftirther 
comprise a pharmaceutically acceptable carrier. 

20 [14] In another group of embodiments, the invention provides for the use of an ^kti- 
CD30 antibody that binds specificaUy to a stalk of CD30 (SEQ ID NO:l) of a cell, ol to an 
epitope destroyed upon cleavage of sCD30 from intact CD30, for the manufacture ofia. 
medicament to inhibit the growth of a CD30+ cancer cell. In some embodiments, the 
antibody can be selected from the group consisting of an scFv, dsFv, a Fab, or a F(abp2. In 

25 preferred embodiments, the antibody is a dsFv. The invention further provides for thle use of 
a composition for the manufacture of a medicament for inhibiting growth of a CD304- cancer 
cell, which composition comprises an antibody as just described conjugated or fiised to a 
therapeutic moiety. In some embodiments, the therapeutic moiety is selected from the group 
consisting of a cytotoxin, a drug, a radioisotope, or a liposome loaded with a drug or a 

30 cytotoxin. In some embodunents where the therapeutic moiety is a cytotoxin, the cytotoxin 
can be ricin A, abrin, ribotoxin, ribonuclease, saporin, calicheamycm, diphtheria toxin, a 
Pseudomoiias exotoxin ("PE"), or a botulinum toxin selected from A through F. In some 
embodiments, the cytotoxin is a PE. In some embodiments where the cytotoxin is a PE, the 
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PE is PE35, PE38, PE38KDEL, PE40, PE4E, or PE38QQR. In some preferred embodiments, 
thePEisPEBS. 

(151 In yet another group of embodiments, the invention provides nucleic acids encoding 
an antibody that binds specifically to a stalk of CD30 (SEQ ID N0:1) of a cell, or to an 

5 epitope destroyed upon cleavage of sCD30 firom intact CD30. The antibody can be, for 
example, an scFv, a dsFv, a Fab, or a F(ab')2. In particularly preferred embodiments, the 
antibody is a dsFv. The nucleic acid can further encode a polypeptide v^iich is a therapeutic 
moiety. The therapeutic moiety can be a drug or a cytotoxin. In some embodiments, tiie 
cytotoxin can be ricin A, abrin, ribotoxin, ribonuclease, saporin, calicheamycin, diphtheria 

1 0 toxin, a Pseudomonas exotoxin ("PE"), or a botulinum toxin selected from A through F. In 
some preferred embodiments, the cytotoxin is a PE. hi some embodiments where the 
cytotoxin is a PE, the PE is PE35, PE38, PE38KDEL, PE40, PE4E, or PE38QQR. hi some 
preferred embodiments, the PE is PE38. 

[16] The invention further provides expression vectors comprising any of the nucleic 
1 5 acids described above operably linked to a promoter. 

[17] In another set of embodunents, the invention provides methods of mhibiting growth 

of a CD30+ cancer cell by contacting said cell with an antibody that binds specifically to a 

stalk of CD30 (SEQ ID N0:1) of a cell, or to an epitope destroyed upon cleavage of sCD30 

from intact CD30, which antibody is fused or conjugated to a therapeutic moiety, which 

j 

20 therapeutic moiety inhibits growth of said cell. The antibody can be, for example, a4jscFv, a 
dsFv, a Fab, or a F(ab')2. hi particularly preferred embodiments, the antibody is a dsf v. The 
therapeutic moiety can be a cytotoxin, a drug, a radioisotope, or a liposome loaded with a 
drug or a cytotoxin. In some embodunents where the therapeutic moiety is a cytotoxp, the 
cytotoxin can be ricin A, abrin, ribotoxin, ribonuclease, saporin, calicheamycin, diphtheria 

25 toxin, a Pseudomonas exotoxin ("PE"), or a botuhnum toxm selected from A through F. In 
some preferred embodiments, the cytotoxm is a PE. hi some embodiments where the 
cytotoxin is a PE, the PE is PE35, PE38, PE38KDEL, PE40. PE4E, or PE38QQR. In some 
preferred embodiments, the PE is PE38. 

[18] In yet another group of embodiments, the invention provides anti-CD30 antibodies, 
30 wherem said antibodies comprise a sequence of at least one complementarity determining 
region ("CDR") shown in Figures 2a and b, of a sequence selected from the group consisting 
of SEQ ID N0:2, SEQ ID N0:4, SEQ ID N0:7, SEQ ID N0:14, SEQ ID N0:15, SEQ ID 
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NO: 17, SEQ ID NO:22, SEQ ED NO:29, SEQ ID NO:38, and SEQ ID NO:39. The invention 
further provides anti-CD30 antibodies, wherein the antibody has a variable heavy chain and a 
variable light chain, which chains have sequences selected from the group consisting of: a 
variable heavy chain of SEQ ID N0:2 and a variable light chain of SEQ ID NO: 15 (antibody 
5 T6); a variable heavy chain having the sequence of SEQ ID N0:4 and a variable light chain 
having the sequence of SEQ ID NO: 17 (antibody T13); a variable heavy chain of SEQ ID 
N0:7 and a variable light chain of SEQ ED NO:22 (antibody T25), and a variable heavy chain 
of SEQ ID NO:38 and a variable light chain of SEQ ID NO:39 (antibody T201). The 
antibodies can be disulfide stabilized recombinant variable regions ("dsFvs"). The invention 

10 further provides for compositions comprising any of the above-described antibodies 

conjugated or fused to a therapeutic moiety. The therapeutic moiety can be a cytotoxin, a 
drug, a radioisotope, or a liposome loaded with a drug or a cytotoxin. The cytotoxin can be 
selected from ricin A, abrin, ribotoxin, ribonuclease, saporin, calicheamycin, diphtheria toxin, 
a Pseudomonas exotoxin, and botulinum toxins A flirough F. In some embodiments, the 

15 cytotoxin is a Pseudomonas exotoxin ("PE"). In some embodiments, the PE is selected from 
the group consisting of PE35, PE38, PE38KDEL, PE40, PE4E, and PE38QQR. 

[19] The invention further provides uses of anti-CD30 antibodies, wherein the antibodies 
comprise of at least one complementarity detemiining region ("CDR") shown in Figure 2, of 
a sequence selected from the group consisting of SEQ ID N0:2, SEQ ID N0:4, SEQ ID 
20 N0:7, SEQ ID N0:14, SEQ ID N0:15, SEQ ID N0:17, SEQ ID NO:22, SEQ ID NO|29, 
SEQ ID NO:38, and SEQ ID NO:39 for the manufacture of a medicament to mhibit t^e 
growth of a CD30+ cancer cell. In some embodiments, the antibody is a dsFv. ] 

[20] Additionally, tlie invention provides the use of a composition for the manufacture of 
a medicament for inhibiting growth of a CD30+ cancer cell, which composition comj^rises 

25 any of the just -described antibodies conjugated or fused to a therapeutic moiety. In spme 
embodiments, the therapeutic moiety is selected from the group consisting of a cytotoxin, a 
drug, a radioisotope, or a liposome loaded with a drug or a cytotoxin. In some preferred 
embodiments, the therapeutic moiety is a cytotoxin. In some of these embodunents, the 
cytotoxin can be selected from the group consisting of ricm A, abrin, ribotoxin, ribonuclease, 

30 saporin, calicheamycin, diphtheria toxin, a Pseudomonas exotoxin, and botulinum toxins A 
through F. In some preferred embodiments, the cytotoxin is a Pseudomonas exotoxin ("PE"). 
In some preferred embodiments, the PE is selected from the group consisting of PE35, PE38, 
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PE38KDEU PE40, PE4E, and PE38QQR. In a particularly preferred embodiment, the PE is 
PE38. 

[21] Moreover, the invention further provides nucleic acids encoding an anti-CD30 
antibody, wherein said encoded antibody comprises an amino acid sequence selected from 

5 the group consisting of: SEQ ID N0:2, SEQ ID N0:4, SEQ ID N0:7, SEQ ID N0:14, SEQ 
ID N0:15, SEQ ID N0:17, SEQ ID NO:22, SEQ ID NO:29, SEQ ID NO:38, and SEQ ID 
NO:39. The antibody encoded by the nucleic acid can be a dsFv. The nucleic acid can also 
fiirther encode a polypeptide which is a therapeutic moiety. The therapeutic moiety can be, 
for example, a drug or a cytotoxin. The cytotoxin can be selected from the group consisting 

10 of ricin A, abrin, ribotoxin, ribonuclease, saporin, calicheamycin, diphtheria toxin, a 

Pseudomonas exotoxin, and botulinum toxins A through F. In some preferred embodiments, 
the cytotoxin is a Pseudomonas exotoxin ("PE"). In some preferred embodiments, the PE is 
selected from the group consisting of PE3S, PE38, PE38KDEL, PE40, PE4E, and PE38QQR. 
In a particularly preferred embodiment, the PE is PE38. The invention fiirther provides 

1 5 expression vectors compfismg any of the just-described nucleic acids operably linked to a 
promoter. 

[22] The invention further provides methods for inhibiting growdi of a CD30+ cancer 
cell. The methods comprise contacting said cell with an antibody having at least one 
complementarity determining region as shown in Figure 2, for SEQ ID N0:2, SEQ n? NO:4, 

20 SEQ ID N0:7, SEQ ID N0:14, SEQ ID N0:15, SEQ ID N0:17, SEQ ID NO:22, SE^ ID 
NO:29, SEQ ID NO:38, and SEQ ID NO:39, which antibody is fiised or conjugated t| a 
therapeutic moiety, which therapeutic moiety inhibits growth of said cell. The antiboHy is 
preferably a dsFv. In some embodiments, the therapeutic moiety is selected from the group 
consisting of a cytotoxin, a drug, a radioisotope, or a liposome loaded with a drug or ^ 

25 cytotoxin. In some of these embodiments, the therapeutic moiety is a cytotoxm. Fui^her, in 
some of these embodiments, the cytotoxin is selected from the group consisting of ricin A, 
abrin, ribotoxin, ribonuclease, saporin, calicheamycin, diphtheria toxin, a Pseudomonas 
exotoxin, and botulinum toxins A through F. In some preferred embodiments, the cytotoxin 
is a Pseudomonas exotoxin ("PE"). In some of these embodiments, the PE is selected from 

30 the group consisting of PE35, PE38, PE38KDEL, PE40, PE4E, and PE38QQR. 

[23] In another group of embodiments, the invention provides methods for detecting the 
presence of a CD30+ cell in a biological sample, the methods comprising: (a) contacting 

8 



wo 03/104432 PCT/US03/18373 



cells of the biological sample with an anti-CD30 antibody selected from the group consisting 
of: an antibody that binds specifically to a stalk of CD30 (SEQ ID N0:1) of a cell, or to an 
epitope destroyed upon cleav^e of sCD30 from mtact CD30, and an antibody having at least 
one complementarity determining region as shown in Figure 2 of SEQ ID N0:2, SEQ ID 
5 N0:4, SEQ ID N0:7, SEQ ID NO: 14, SEQ ED NO: 15, SEQ ID NO: 17, SEQ IDNO:22, SEQ 
ID NO:29, SEQ ID N0:3S, and SEQ ID NO:39, the antibody being fused or conjugated to a 
detectable label; and, (b) detecting the presence or absence of said label, wherein detecting 
the presence of the label indicates the presence of a CD30+ cell in said sample, hx some 
embodiments, the antibody is selected from the group consisting of an scFv, a dsFv, a Fab, or 
10 aF(ab')2. 

[24] In yet another group of embodiments, the invention provides antibodies useful for, 
inducing complement-dependent cytotoxicity. In this regard, the invention provides 
antibodies having at least one complementarity determining region (CDR) from a variable 
heavy chain or variable light chain selected from the group consisting of SEQ ID NO:6, SEQ 

15 ID NOill, SEQ ID N0:12, SEQ ID N0:13, SEQ ID N0:21, SEQ ID NO:26, SEQ ID 

NO:27, SEQ ID NO:28, SEQ ID NO:40, and SEQ ED N0:41. In preferred embodiments, the 
antibodies have the CDRs of a variable heavy chain and a variable light chain selected from 
the group consisting of: (a) SEQ ID N0:6, and SEQ ED N0:21 (antibody T24), (b) SEQ ID 
NO: 11 and SEQ ED NO:26 (antibody T420), (c) SEQ ID NO: 12 and SEQ ID NO:27 

20 (antibody T427), (d) SEQ ID NO: 1 3 and SEQ ED NO:28 (antibody T405), and (e) SEp ED 
NO:40 and SEQ ED N0:41 (antibody T408). In preferred forms, the variable heavy ^d 
variable light chains have the sequences of these antibodies, preferably with mutatioi^ in the 
framework region which "humanize" them. The invention further provides compositijons 

comprisuig any of the antibodies just described and a pharmaceutically acceptable ca^er. 

I 

25 [25] The invention further provides for the use of any of the antibodies described m the 
preceding paragraph for the manufacture of a medicainent to inhibit the growth of cancer 
cells expressing CD30. Additionally, the invention provides methods for inhibiting the 
growth of cancer cells expressing CD30, said method comprising admmistering to a patient 
having a CD30-expressing cancer a therapeutically effective amount of an antibody havuig at 

30 least one CDR of a variable heavy chain or variable light chain selected from tlie group 
consisting of SEQ ED N0:6, SEQ ID N0:11, SEQ ED N0:12, SEQ ID N0:13, SEQ ID 
N0:2l, SEQ ID NO:26, SEQ ID NO:27, SEQ ID NO:28, SEQ ID NO:40, and SEQ ID 
N0:41 , as shown in Figures 2a and b. Preferably, the method comprises administering to a 
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patient having a CD30-expressing cancer a therapeutically effective amount of an antibody 
having the complementarity determining regions ("CDRs") of variable heavy and variable 
light chains selected from the group consisting of (a) SEQ ID N0:6, and SEQ ID N0:21 
(antibody T24), (b) SEQ ID NO: 1 1 and SEQ ID NO:26 (antibody T420), (c) SEQ ID NO: 12 
5 and SEQ ID NO:27 (antibody T427), (d) SEQ ID NO: 1 3 and SEQ ID NO:28 (antibody 
T405), and (e) SEQ ID NO:40 and SEQ ID N0:41 (antibody T408). In preferred 
embodiments, one or more residues in the framework regions of the variable regions are 
mutated to "humanize" the antibody to reduce immunogenicity. 

[261 ^ ^ further group of embodiments, the invention provides the use of an antibody 
10 having at least one complementarity-determining region of a mouse monoclonal antibody 

designated as AGIO for the manufacture of a medicament to inhibit the growth of cancer cells 
expressing CD30. In preferred forms, the antibody has variable heavy and variable light 
chains as in antibody AGIO, and even more preferably, one or more residues in the 
framework regions of the variable regions are mutated to "humanize" the antibody to reduce 
1 5 inmiunogenicity . The invention further provides a method for inhibiting the growth of cancer 
cells expressing GD30, said method comprising administering to a patient havmg a GD30- 
expressing cancer a therapeutically effective amount of antibody having at least one 
complementarity-determining region ("CDR") of a mouse monoclonal antibody designated as 
AGIO. The CDRs of the variable heavy and variable light chains of said antibody may be as 
20 in antibody AGIO and, in preferred forms, the variable heavy and variable light chains of said 
antibody are as in antibody AGIO, and even more preferably, one or more residues w^the 
framework regions of the variable regions are mutated to "humanize" the antibody to Veduce 
immunogenicity. 

[27] The invention further provides isolated nucleic acids encoding an antibody having 
25 one or more the complementarity detemiining regions ("GDRs") of variable heavy ai^ 
variable Ught chains selected from tiie group consisting of (a) SEQ ID N0:6, and SEQ ID 
N0:21 (antibody T24), (b) SEQ ID N0:11 and SEQ ID NO:26 (antibody T420), (c) SEQ ID 
N0:12 and SEQ ID NO:27 (antibody T427), (d) SEQ ID N0:13 and SEQ ID NO:28 
(antibody T405), and (e) SEQ ID NO:40 and SEQ ID N0:41 (antibody T408). The isolated 
30 nucleic acids may encode an antibody having variable heavy and variable light chains 

selected from the group consisting of (a) SEQ ID N0:6, and SEQ ID N0:21 (antibody T24), 
(b) SEQ ID NO: 1 1 and SEQ ID N0:26 (antibody T420), (c) SEQ ID NO: 12 and SEQ ID 
NO:27 (antibody T427), (d) SEQ ID N0:13 and SEQ ID NO:28 (antibody T405), and (e) 
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SEQ ID NO:40 and SEQ ID N0:41 (antibody T408). The invention also provides host cells 
expressing an isolated nucleic acid encodmg an antibody having variable heavy and variable 
light chains selected from the group consisting of (a) SEQ ID N0:6, and SEQ ED N0:21 
(antibody T24), (b) SEQ ID NO: 1 1 and SEQ ID NO:26 (antibody T420), (c) SEQ ID NO: 12 
5 and SEQ ID NO:27 (antibody T427), (d) SEQ ID NO: 13 and SEQ ID NO:28 (antibody 
T405), and (e) SEQ ID NO:40 and SEQ ID N0:41 (antibody T408). 

[28] The invention further provides kits for detecting the presence of a CD30+ cancer 
cell in a biological sample. The kits comprise(a) a container, and (b) an anti-CD30 antibody 
selected from the group consisting of: an antibody that binds specifically to a stalk of CD30 

10 (SEQ ID NO: 1) of a cell, or to an epitope destroyed upon cleavage of sCD30 from intact 
CD30, and an antibody tiiat has at least one complementarity determinmg region having a 
sequence shown in Figure 2 of SEQ ID N0:2, SEQ ID N0:4, SEQ ID N0:7, SEQ ID NO: 14, 
SEQ ID N0:15, SEQ ID N0:17, SEQ ID NO:22, SEQ ID NO:29, SEQ ID N0:38, and SEQ 
ID NO:39, which anti-CD30 antibody is fused or conjugated to a detectable label In some 

15 embodiments, the antibody in the kit is selected from the group consisting of an scFv, a dsFv, 
a Fab, or a F(ab')2. 



BRIEF DESCRIPTION OF THE DRAWINGS j 

20 [29] Figure 1. Figure 1 is a cartoon showing six epitopes of CD30 as determined by 
competition binding experiments; the epitopes ai*e designated by Roman numerals. The 
Figure shows a cell membrane (thick dark line at bottom of figure), with a representajion of 
the CD30 molecule, showing the transmembrane and extracellular domains. The put|itive site 
at which sCD30 is cleaved from the stalk is shown by an arrow. Epitopes Ila and VTwere 

25 determined to be non-shed epitopes. Ber-H2, HRS-4, Ki-4, HeFi-I, BCi-1, and M67 are 

previously known anti-CD30 antibodies. Antibodies designated with a "T" were generated in 
the course of the present invention. The relative size of the font for each antibody roughly 
corresponds with the affinity of the antibody for CD30. The location of each epitope was 
mapped by tiie following observations: 1) Epitopes ("Ep") II, IE, IV are close to each other 

30 because some members of them showed cross competition for binding to CD30, 2) Ep I and 
ni are a littie correlated to each other for the same reason, 3) Ep I, III and IV are far from the 
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cleavage site, 4) Ep lib and V are close to the cleavage site, 5) Ep Ha and VI are non-shed 
epitopes or located on the cleavage site. 6)Ep I and Ep lib are on or near the CD30L binding 
site. The position of the peptide chain is a representation. Underlined antibodies were tested • 
as immunotoxins in an early series of studies. The plasma membrane of the cell is 
represented as a black curved line at bottom of figure. The extracellular portion of CD30 is 
positioned in the Figure above the line representing the plasma membrane, with the 
intracellular portion below the line representing the plasma membrane. As defmed herein, 
the stalk is the portion of CD30 molecule from the first amino acid on the cell-proximal side 
of the cleavage site to the last amino acid on the extracellular side of the plasma membrane. 

[30] Figures 2a and 2b. Figures 2a and 2b set forth the amino acid sequences of the 
variable regions of various anti-CD30 MAbs. Figure 2a sets forth the sequences of the 
variable heavy chain ("VH"), whUe Figure 2b sets forth the sequences of the respective 
variable light ("VL") chains. The MAbs are identified in the left hand column. The next 
column sets forth the SEQ ID NO for the amino acid sequence of the VH or VL, respectively, 
of tlie antibody named irrlhe left hand column. DNAsequencesof each VHor VL of the 
MAbs were determined by a RACE method and the deduced amino acid sequences were 
aligned according to their Kabat numbering. The calculated position of antigen 
complementarity determining regions (CDRs) and framework regions (FRs), based on 
alignments using the Kabat numbering system, are indicated in the first line of each panel. A 
subclone encoding a truncated VL sequence derived from SP2/0 myeloma cells (Caiy»ll et 
al., Mol. Immunol, 25:991-995 (1988)) was obtained from T13 and T14 hybridoma, ^e 
sequence of which was omitted for simplification. CL2 (RozemuUer et al.. Int. J. Cahcer, 
92:861-870 (2001)) and Ki-4 (KJimka et al., Br. J. Cancer, 80:1214-1222 (1999)) are: 
previously known anti-CD30 Fv sequences. j 

[31] Figures 3a-f. Figure 3 encompasses six figures, denoted as Figures 3a to 3|, 
respectively. (Figures 3a to 3c are positioned in the top row, from left to right. Figures 3d to 
3f are positioned in the bottom row and are likewise positioned in order from left to right). 
Figures 3a to 3f showFACS analysis of selected anti-CD30(dsFv)-PE38 immunotoxins on 
CD30-positive cells. The immunotoxins at various concentrations were incubated with L540 
cells. The ceU-bound immunotoxms were detected by anti-PE rabbit antibody and 
phycoerythrin-labeled anti-rabbit IgG. The five solid lines in each histogram from the left to 
right represent the staining with 0, 0.01, 0.1, 1, and 10 ^g/ml of immunotoxins, respectively. 
For easier comparison, the areas of the staining with 1 jig/ml of unmunotoxin are filled with 
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gray color. The dotted line in each panel shows the staining with 1 fig/ml of immunotoxin in 
the presence of 10 ^g/ml of CD30-Fc as the competitor. Figure 3a: (denoted as T6), anti- 
CD30 T6(dsFv)-PE38; Figure 3b (denoted as T14-A): anti-CD30 T14-A(dsFv)-PE38; 
Figure 3c (denoted as T24): anti-CD30 T24(dsFv)-PE38; Figure 3d (denoted as T25): anti- 
5 CD30 T25(dsFv)-PE38; HB21, Figure 3e (denoted as HB21 :anti-tranferrin receptor 
HB21(scFv)-PE40 (a positive control); and Figure 3f (denoted as SSI): anti-mesothelin 
SSl(dsFv)-PE38 (a negative control). Dose-dependent bindings were observed for all anti- 
CD30 immunotoxins and anti-transferrin receptor immunotoxin, although there was no 
binding of the anti-mesothelin immunotoxin. The binding of anti-CD30 immunotoxins was 
10 competed by free CD30-FG antigen. . 

[32] Figures 4a -b. Figure 4 encompasses Figures 4a and 4b. Figure 4a: Cytotoxicity 
of various immunotoxins on A43 1/CD30 cells. Figure 4b: Cytotoxicity of various 
immunotoxins on A43 1/CD25 cells. For both Figures: Inhibition of protein synthesis was 
determined as percent ^H-leucine incorporation in cells after 24 h treatment with indicated 

15 concentrations of the immunotoxins. Closed symbols represents the data of selected anti- 
CD30-immunotoxins produced in the studies reported herein. Closed circle: T6(dsFv)-PE38; 
Closed triangle: T14-A(dsFv)-PE38; Closed square: T24(dsFv)"PE38; and Closed diamond: 
T25(dsFv)-PE38. Open symbols represents controls; Open circle: anti-CD30 CL2(scFv)- 
PE38; and Open triangle: anti-transferrin receptor HB21(scFv)-PE40. Triplicate sample 

20 values were averaged for each point. f 

i 

[33] Figures 5a-d. Figures 5a to 5d depict epitope-specific competitive effects of MAbs 
on the cytotoxicity of immunotoxins to various cell lines. Cells were treated with 
approximately 3 -fold concentrations of IC50 of T6(dsFv)-PE38 (closed symbols) or [ 
T25(dsFv)-PE38 (open symbols) in the presence of indicated concentrations of T6 M^b 

25 (closed and open triangles), T25 MAb (closed and open squares), or control mouse 1^1 
(closed and open circle). After 24 h, protein synthesis of the cells was determined and 
expressed as the percent of the control. Figure 5a: Cells tested were A43 1/CD30. Figure 
5b: Cells tested were KM-H2. Figure 5c: Cells tested were SR-786. Figure 5d: Cells tested 
were SUDHL-1. Each cell line was treated with 1.5, 60, 100, and 20 ng/ml of immunotoxins, 

30 respectively. Only the parent MAb, which bound the same epitope as the derived 
immunotoxins, inhibited the cytotoxicity of the immunotoxin on all cells. 
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[34] Figures 6a and 6b. Figures 6a and 6b show complement-dependent cytotoxicity of 
intact antibodies assayed on two CD30+ cell lines, Kaipas299 and L540, a Hodgldn's Disease 
cell line, as described in Example 6. The legend shows the symbols assigned to the 
antibodies tested. HeFi-1 and AGIO are antibodies known in the art LeY designates an 
5 antibody tliat recognizes the LewisY antigen, used as a negative control. "Cell+C " 

designates cell plus complement only, meaning that antibody was not added to that culture, as 
a further control, while "C " indicates complement only. 

[35] Figures 7a and 7b. These graphs present the results of studies of the cytotoxicity 

of various inimunotoxins made from antibodies of the invention. Figure 7a shows the 
10 cytotoxicit}^ of antibodies T6, T104, T201, and T408 on a cell line (A431) transfected to 

express CD30. Figure 7b shows the cytotoxicity of the same immunotoxins on the same cell 
line, transfected to express the krelevant antigen CD25 as a negative control 

[36] Figures 8a, 8b and 8c. These graphs present the results of studies of the 
cytotoxicity of various immunotoxins made from antibodies of the invention. Figure 8a 
15 shows the cytotoxicity of antibodies T6, T13, T105, and T201 on an anaplastic large cell 
lymphoma cell line, SUDHLl. Figure 8b shows the cytotoxicity of the same immunotoxins 
on a Hodgldn's Disease cell line called L540. Figure 8C shows the cytotoxicity of these 
unmunotoxins on a cell line, Ramos, that does not express CD30, as a negative control. 



.1 



20 DETAILED DESCRIPTION 



L INTRODUCTION 

A. Discovery Of CD30 Stalk And Antibodies Tliat Bind To It j 

[37] CD30 was discovered in 1982, and was cloned in 1992. Durkop et al., Cell| 68:421- 
427 (1992), identified CD30 as a 595 amino acid protein with an 18 residue leader sequence, 

25 a 365 amino acid extracellular domain, a single transmembrane domain of 24 residues, and an 
intracellular domain of 188 residues. The amino acid sequence of CD30 (SEQ ID N0:1) was 
identified in the Durkop et al. publication. Durkop et al. identify the transmembrane domain 
as commencing on the N-terminal side with a proline at residue 380. The C-terminus of the 
extracellular domain is identified as a lysine at position 379, vMch may thus be considered as 

30 tiie amino acid of CD30 most proximal to the cell surface. 
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[38J CD30 is known to undergo cleavage and to be released from the cell as soluble 
CD30 ("sCD30*'). Surprisingly, it has now been discovered that the release of sCD30 leaves 
a residual, extracellular "stalk" on the side of the cleavage site proximal to the cell surface. 
The stalk provides a useful target for immunotoxins and other agents directed against CD30- 
5 expressing cells. ; 

[39] One purpose for employing ligands which bind to CD30 is to target toxic agents to 
cells expressing CD30. The presence of the stalk (which is also present on intact CD30), 
which remains attached to the cell following cleavage of sCD30, provides a target for 
improved CD30 ligands. Ligands that bind to the stalk region of CD30 can bind to intact 

10 CD30 on the cell surface, or to the stalk remaining after sCD30 is cleaved off. In either case, 
the Ugands are then available for internalization into the cell and delivery of cytotoxins 
attached to the ligand. In contrast, ligands directed to portions of CD30 on the side of the 
cleavage site further from (distal to) the cell bind not only to intact CD30, but also to sCD30 
that has been cleaved from the cell and that is now present in the extracellular fluids. The 

15 ligands binduig to sCD30 free in the extracellular fluid cannot be intemalized into the 
intended target cells. Accordingly, a correspondingly higher amount of such ligand-toxin 
conjugates need to be introduced to kill a given number of CD30-expressing cells compared 
to ligand-toxin conjugates targeted to the stalk. Ligands targeted to the stalk, or to epitopes 
which are destroyed upon cleavage of sCD30, are thus surprisingly advantageous in 

20 comparison to ligands which bind to portions of CD30 also found on sCD30. Since tl^e 
existence of a stalk was not previously known, this advantage has not previously bee^' 
recognized or exploited in the art. In one group of embodiments, the invention provides 
antibodies and other ligands that bind specifically to the stalk. That is, the antibodies or other 
ligands bind to the stalk without binding in significant anioimts to sCD30. j 

25 [40] Prior studies of CD30 indicated that the antigenic epitopes fall into three grdups. 
See, Hom-Lohrens, Int. J. Cancer 60:539-544 (1995). The carefiil competition studies and 
mapping performed in the studies reported herein indicate that there are instead six epitopes, 
two of which comprise two subgroups. Two of those epitopes, numbered herein Ha and VI, 
are considered to constitute the stalk region and are available for bindmg of ligands that do 

30 not also bind sCD30. Figure 1 sets forth a cartoon of CD30, showing the epitopes as mapped 
by use both of anti-CD30 antibodies previously known m the art and antibodies generated in 
the course of the work embodied in the present invention. 
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[41] It will be appreciated that some antibodies or ligands of flie invention may bind to a 
binding site near or at the site at which sCD30 is cleaved from intact CD30, which binding 
site is destroyed upon cleavage of the sCD30. Without wishing to be bound by theory, such 
antibodies are expected to impede access to the cleavage site by endogenous proteases and 
thereby inhibit cleavage of sCD30. To the extent the binding site for the antibodies is either 
on the side of the cleavage site closer (proximal) to the cell, or is destroyed upon cleavage of 
sCD30, the antibodies are advantageous in that their effect is not "diluted" by binding to 
sCD30 free in the extracellular environment. To the extent that antibodies impeding cleavage 
bind to a site distal to the cleavage site, Ihey are advantageous because, by impeding sCD30 
cleavage, the antibody remains bound to CD30 and can stiU undergo intemaUzation into the 
cell. 

[42] While the antibody Ki-4 was reported to inhibit cleavage of sCD30 (see, Hom- 
Lohrens, supra), it maps to an epitope far removed from the cleavage site, and thus does not 
bind to the regions now identified as belonging to the stalk or to the cleavage site. See, 
Figure 1 . Without wishing to be bound by theory, it is surmised that, although antibody Ki-4 
binds to an epitope removed from the cleavage site, the conformation of the molecule is such 
that binding of the antibody to that site also happens to sterically hinder access of proteases to 
the cleavage site. The binding site for Ki-4, however, may not be destroyed by cleavage of 
sCD30, and the effect of Ki-4 based immunotoxins or immunoconjugates may therefore be 
"diluted" by binding to sCD30 free in the circulation. j 

[43] Studies with sCD30 indicated that binding of antibodies Ki- 1 and M67 (kn4vn in 
the art and specifically excluded from the antibodies of the invention), and antibody T104 
(created in the course of the present work) to CD30 are partially inhibited by the presence of 
sCD30. Without wishing to be bound by theory, it is believed that these antibodies bjnd to 
discontinuous epitopes created by the three-dimensional conformation of the CD30 n^olecule 
(as opposed to linear epitopes created by the primary sequence of the amino acids), and that, 
upon the cleavage event that creates sCD30, part of the conformational epitope remains on 
the sCD30 and part remains on the stalk. Persons of skUl wiU recognize that references to 
antibodies which bind to a particular amino acid sequence refer to a Unear epitope, while 
references to an antibody mapping to a particular epitope refer to a conformational epitope. 

[44] It appears, however, that antibody Ki-1 increases the rate at which sCD30 is cleaved 
from intact CD30, possibly because it renders the cleavage site more accessible to proteases. 



16 



wo 03/104432 



PCTAJS03/18373 



Since binding of Ki-1 to CD30 is partially inhibited by the presence of sCD30, the tendency 
of Ki-1 to increase the shedding of sCD30 reduces the effectiveness of this antibody as a 
targeting agent. Moreover, a recent study of Ki-1 indicated that, while it bound strongly to 
two peptides from the N-termmus of CD30, it bound only weakly to a peptide close to the 
5 transmembrane domain. Dong et al., J. Mol Recognit 16:28-36 (2003). Thus, it would 
appear that immunotoxins using Ki-1 as the targeting portion would be more Ukely to bind to 
any sCD30 present around a tumor than to CD30 stalk remaining accessible on a cell surface. 

[45] Preferably, antibodies of the invention that bind to a discontinuous epitope, portions 
of which are on either side of the cleavage site, do not increase tiie rate of cleavage of sCD30 

10 from intact CD30 (the rate of cleavage of sCD30 can be readily monitored and determined, 
for example by raising anti-sCD30 antibodies, changmg the culture medium at timed 
intervals and measxiring the amount of sCD30 present at each time point by an immunoassay 
using the anti-sCD30 antibodies). Additionally, it is desirable that targeting agents for 
immunotoxins targeted to CD30-expressing cells have a higher affinity for the stalk tiaan for 

1 5 epitopes on a portion of the CD30 molecule released by the cleavage of sCD30. 

[46] Antibodies which bind to discontinuous epitopes that span the cleavage site may 
further be advantageous if they nonetheless form unmunotoxins that display cytotoxicity to 
CD30+ cells comparable to that of immunotoxins that are in cUnical trials for inhibition of 
other cancers, typically showing an IC50 at amounts ranging from 0.2 to 20 ng/mL, more 
20 preferably having IC50 values of less than 1 5 ng/mL, and still more preferably havin^jlCso 

♦ 

values below^ 10 ng/mL. T201 did not bind to CD30 in Western blots, mdicating that^t may 
bind to a discontinuous epitope, and may bmd in part to sCD30. Cytotoxicity studies jof a 
dsFv immunotoxin made with T201, however, indicate that it nonetheless forms potent 
immunotoxins to cells expressing CD30. Table 7 shows that T201, when made into i dsFv 
25 using an exemplar toxin, had an IC50 in A43 1/CD30 cells of 0.6 ng/mL and an IC50 iif 
Karpas299 cells of 6 ng/mL. 

[47] Persons of skill recognize that tiie IC50 of an immunotoxin to a cell, lines typically 
yary because of various factors. For example, different cell lines tend to have different 
average number numbers of the target antigen or receptor present on the surface of the cells, 
30 have different rates of internalization of unmunotoxins, and different rates of processing them 
internally to release the toxin moiety. Results in different cell Imes therefore give some 
information on the relative potency of immunotoxins, witii that information being of greater 
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or lesser value as the cell line is judged to be similar to or dififerent than CD30-expressing 
tumor cells from patients. The studies presented in Table 7 show that the antibodies of the 
invention are potent against lymphoma cells, such as anaplastic large cell lymphomas, but 
somewhat less potent against cell Unes from Hodgkins' Disease. Accordingly, while the 
5 antibodies are useful against CD30-expressing cancers, their use against non- Hodgkins' 
lymphomas is preferred. 

[48] More preferably, the antibodies bmd to Epitope Ha or Epitope VI of CD30. 
Whether a particular antibody binds to Epitope Ua or Epitope VI can be readily determined 
by followmg the assays set forth in the Examples. Antibodies binding to these epitopes, such 
10 as TI 05, have the advantage of not binding to sCDBO and therefore of not being diluted. 

[49] Preferred ligands of the invention bmd to the first 100 extracellular amino acids 
proximal to the cell surface. In some embodunents, the ligands bind to a site within the first 
80 amino acids on the extracellular portion of CD30 proximal to the cell-surface. In some 
embodiments, the ligands bind to a site within the first 75 amino acids on the extracellular 

15 portion of CDS 0 proxim'al to the cell-surface. In additional embodiments, tlie ligands bind to 
a site within the first 50 amino acids on the extracellular portion of CD30 proximal to the 
cell-surface. In other embodiments, the ligands bind to a site within the first 40 amino acids 
on the extracellular portion of CD30 proximal to the cell-surface. Further, in some 
embodiments, the ligands bind to site within about 30 amino acids on the extracellular 

20 portion of CD30 proximal to the cell-surface. Moreover, in some embodiments, the }|gands 
bind to a site withm about the first 20 amino acids on the extracellular portion of CDSo 
proximal to the cell-surface. i 

[50] In preferred forms, the Ugands are antibodies to CD30, or fiagments tlaereof which 
retain their antigen recognition capability. Particularly preferred antibody fragments Include 
25 single chain Fv firagments ("scFv") and disulfide stabilized Fv fragments ("dsFv"), vl^th dsFv 
bemg especially preferred because of their stability. For convenience of reference, unless 
otherwise required by context, reference herein to "antibody" includes, as appropriate, 
reference to fragments of the antibody which retain antigen recognition. 

[51] It will be appreciated that intact antibodies are bivalent, while scFv and dsFv are 
30 monovalent, and that creating scFv or dsFv from an intact antibody typically results m a 
consequent loss of affinity compared to the antibody used as a starting material. 
Accordingly, to promote bmding of immunoconjugates, such as immunotoxins, to the target 
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cells, it is desirable that the antibody from which the scFv or dsFv is generated has a high 
affinity for the target antigen. 

[52] The work underlying the present invention has resulted in the discovery of 
antibodies which bind to the stalk region of CD30. These antibodies have been assigned the 
5 identifiers T104, T105, T405, T408, T201, T214, T215, T41 1, and T426. These antibodies 
are especially suitable antibodies for creation of immunotoxins targeted to CD30-expressing 
cancer cells. The antibodies T105, T201, and T405 are preferred, with T105 bemg 
particularly preferred. 

[53] The amino acid sequences of the variable regions of Tl 05 and T20 1 , including the 
10 antigen complementarity determining regions ("CDRs") are set forth in Figure 2. Figure 2 
shows the sequences of various antibodies aligned according to the Kabat numbering of their 
residues (the Kabat system is the one most widely used in the art for aUgning and comparing 
antibody residues). The sequence of the variable heavy ("Vh") chain of TIOS is SEQ ID 
NO: 14 and the variable light ("Vl") chain is SEQ ID NO:29, respectively. The sequence of 
15 the variable heavy ("Vh") chain of T201 is SEQ IDNO:38 and the variable light ("Vl") 
chain is SEQ ID NO:39, respectively. 



B. Discovery of Advantageous Antibodies to Non-Stalk Portions of CD30 

[54] As noted in the Background section, smaller immunotoxins are less immxmcjgenic 

20 and less toxic. These advantages are offset to some degree by the loss of antigen binding 
affinity that occurs when IgGs are converted firom normal, bivalent antibodies to smaller, 
single-valent forms such as scFvs (Reiter et al., Nature Biotechnol. 14:239-1245 (199i5)) and 
dsFvs suitable for making smaller immunotoxins. hicreasing affinity has been showato 
improve selective tumor delivery of scFvs (Adams et al., Cancer Res. 58:485-490 (19^8)), 

25 and is likely to increase their usefulness in tumor imaging and treatment. Therefore, ' 

increasing the affinity of scFvs and other targeting moieties (such as dsFvs, Fabs, and F(iab')2 
of immunoconjugates is advantageous to improve the efficiency of these agents in delivering 
effector molecules, such as toxins and other therapeutic agents, to their intended targets. 

[55] Unfortunately, it is hard to predict the affmity of unmunotoxms fi-om that of the 
30 original antibody, in part, because the change of the format of the Fv can affect the affinity. 
In addition, increased affmity alone cannot predict that an antibody will prove useful as the 
targetmg portion of an immunotoxin- The antibody may bind so tightly to its target epitope 
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that the binding may interfere with release ofthe toxic moiety upon Or, the 

antibody may bind to a portion of the target antigen (here, CD30) so removed from the cell 
surface that the immunotoxin is not efficiently internalized. Thus, increased affinity alone 
does not indicate that an antibody will prove useful as the targeting portion of an 
immunotoxin. Indeed, as shown in Table 6, infra, there is no clear correlation between the 
affinity ofthe original antibody to CD30 and that of an immunotoxin made from that 
antibody. Thus, it cannot be predicted from the affinity of an antibody whether it will pemiit 
the creation of an immunotoxin with satisfactory cytotoxicity. 

[56] Further, not all antibodies, whether of high-affinity or not, can be used successfully 
when converted to dsFvs. Satisfactory use of an antibody in dsFv form requires not only that 
the immunotoxin can be recombinantly expressed, but also that it can be refolded and 
purified in yields high enough to be useful as a reagent or for potential clinical use. 

[57] Surprisingly, several new antibodies have been discovered that can be made into 
dsFv immunotoxins which not only have suitably high affinity for CD30-expressing cells, but 
that also have cytotoxicity sufficient for clinical use and which can be produced with yields 
high enough so tliat tlie dsFvs can be made in the quantities needed for production for use as 
commercial reagents or making compositions for clinical use. These antibodies, designated, 
are advantageous because, among other things (a) they can be made into single chain Fvs 
("scFvs") or disulfide-stabilized Fvs ("dsFvs"), (b) they can be expressed in sufficient 
quantities to be useful, and (c) although they are monovalent, they bmd to CD30 vn^^ an 
affinity close to that ofthe intact, bivalent inununoglobulin. This combination of facjors 
makes scFv and dsFv immunotoxins targeted by these new antibodies especially usefiil as 
reagents for purging CD30-expressing cancer cells from patient samples as well as for 
inhibiting the growth of CD30-expressing cancer cells in patients. j 

[58] The amino acid sequences of the variable regions of antibodies T6, T13, T2;5, and 
T105, showing the antigen complementarity determining regions ("CDRs") and framework 
regions ("FRs") are set forth in Figure 2, while those of antibody T201 is set forth in Figure 6 
Figiures 2 and 6 show the sequences of the antibodies aligned according to the Kabat 
numbering of their residues (the Kabat system is the one most widely used in the art for 
aligning and comparing antibody residues). For example, the sequence ofthe variable heavy 
C'Vh") chain of T6 is SEQ E) N0:2 and the variable Ught ("Vl") chain is SEQ ID N0:15, 
respectively. The sequence ofthe Vh chain of T25 is SEQ ID N0:7 and the sequence ofthe 
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Vl chain is SEQ ID NO:22, respectively, while the sequence of the Vh chain of T13 is SEQ 
ID N0:4 and the sequence of the Vl chain is SEQ ID NO: 17, respectively. 

[59] As persons of skill are aware, the CDRs are responsible for some or all of an 
antibody's binding affinity and specificity. Persons of skill are also aware that, for example, 
5 conservative substitutions can typically be made in the jframework regions (three of which are 
present in each variable light and heavy chain, as shown in the Figures), without significantly 
affecting antigen binding or specificity. Additionally, persons of skill will be aware that 
some substitutions can typically be made even in the CDRs without significantly affecting 
binding affinity or specificity. This is especially true for changes made in residues made at 
10 positions that are not within art-recognized "hotspot motifs" (such as the tetranucleotide 

sequence RGYW and the serine sequence AGY, where R is A or G, Y is C or T, and W is A 
or T). Any particular amino acid substitution can readily be tested to determine whether it 
has an affect on antigen binding or specificity by techniques well known in the art, such as 
those usied in the Examples. 

15 [60] When made into dsFv immunotoxins using a mutated 38 kD form of Pseudomonas 
exotoxin ("PE38") as an exemplar toxic agent, T6, T25, and T201 -dsFv-PE38 immunotoxins 
had ICsoS of 0.4 -0.8 and 0.2- 0.8 ng/ml, respectively, when tested on cells stably transfected 
with CD30. On cell lines of cancer cell lines expressing CD30, the cytotoxicity of the T6 and 
T25-based immunotoxins was comparable to that of dsFvs against other cancer antigens that 

20 are being developed for clinical use against cancers expressing those antigens. #| 

i 

[61] Table 6 sets forth the results of studies in which the affinity of scFvs and of the 
cytotoxicity of PE38 immunotoxins made firom dsFv forms of the antibodies were • 

determined. A review of the Table reveals, for example, that scFvs made with T6 had an 

j 

affinity ("kD") of 13.0 nM, while the affinity of antibody T24 was 2.2. nM. If higherjafiSnity 
25 antibodies predictably made dsFv unmunotoxins that had higher cytotoxicity to target cells 
than did antibodies with lower affmity, one would expect that T24 would make a more 
cytotoxic dsFv-immunotoxin than would T6. An examination of the Table, however, reveals 
that the amount of T24 immunotoxm needed to inhibit 50% of protein synthesis (known as 
the "IC50", a standard means for comparing immunotoxin cytotoxicity) is 10.0 ng/ml, while 
30 the IC50 for T6 immunotoxin is 0.4-0.8 ng/ml, or a cytotoxicity more than 12 times greater 
than that of the T24-based immunotoxin. Similarly, the T24 antibody has an affinity of 2.2 
nM, roughly the same as the 1 .9 nM kD of T420. The T420-based immunotoxin, however, 
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has an IC50 of 1 .5, some 6 times better than the 10.0 ng/ml IC50 of the T24-based 
immunotoxin. Thus, there is no clear correlation between the affinity of the "parental" 
immunotoxins and the cytotoxicity of the derived immunotoxin, illustrating that affinity alone 
does not permit prediction of which "parental" antibodies will produce a good immunotoxin 
and, in particular, which will produce a good dsFv. 



C. Uses of Anti-CD30 and Anti-CD30 Stalk Antibodies 

[62] In in vitro uses, immunotoxins of the invention can be used to purge a blood sample 
or culture of CD30-expressing cancer cells from a patient. The purged sample can then be 
readministered to the patient to boost the functional white-blood cell population. Conversely, 
the purged cells can be transduced or used in other manipulations. 

[63] In in vivo uses, immunotoxins made with the antibodies or antibody fragments of 

the invention can be used to inhibit the growth and proliferation of cancer ceils bearing the 

CD30 antigen. The properties of the antibodies and antibody fragments of the invention and 

of the resulting immunotoxins means that smalla: amounts of the immunotoxins can be 

administered, thereby achieving the same therapeutic effect while reducing the chance of side 

effects. The results reported in the Examples show that the activity of the immunotoxins 

varies m different cell lines. In some embodiments, use of the unmunotoxins of the invention 

is less preferred with respect to Hodgkin's Disease. ' 

'1 

[64] In preferred embodiments, the antibody is a scFv or a dsFv. Many of the i 
recombinant immunotoxins produced from constructs of scFv are one-third the size oHgG- 
toxin chemical conjugates and are homogeneous in composition. Elimination of the Constant 
portion of the IgG molecule from the scFv results in faster clearance of the immunot(|xin 
after injection into animals, including primates, and the smaller size of the conjugate! 
improves drug penetration in solid tumors. Together, these properties lessen the side effects 
associated with the toxic moiety by reducing the time in which the unmunotoxin interacts 
with non-target tissues and tissues that express very low levels of antigen. Making disulfide 
stabilized Fvs (dsFvs) is discussed, e.g., in the co-owned application of FitzGerald et al.. 
International Publication Number WO 98/41641. 
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D. Anti-CD30 Antibodies that Activate Complement-Dependeiit Cytotoxicity 
[65] As noted in the preceding sections, the present work has resulted in the discovery of 
anti-CD30 antibodies that are particularly good for use as the targeting portion of an 
immunotoxin. The present work has resulted in the discovery of anti-CD30 antibodies that 

5 are particularly good at activating complement-dependent cytotoxicity ("CDC"). In this 
embodiment of the invention, intact immunoglobulin molecules are used to bind to CD30- 
expressing cells, activating a complement cascade that results in the destruction of the cell. 
The antibodies preferred for this purpose are T405, T408, T420, and T427. As shown in 
Figures 6a and 6b, all four of these antibodies had significant activity against the Hodgkin's 

1 0 Disease cell line L540, and several had significant activity against the CD3(H- cell line 
Karpas299. Persons of skill will recognize that it is the CDRs which confer antigen 
specificity. Accordingly, it is expected that antibodies with one or more CDRs of these 
antibodies will likewise induce CDC activity. 

[66] Studies were also performed using secondary antibodies. In these studies, antibody 
1 5 T24, which is of the IgQl subclass, showed complement-dependent cytotoxicity activity. In 
humans, antibodies of IgGl are useful in inducing CDC. Accordingly, it is expected that a 
humanized T24 antibody (for example, antibodies using one or more CDRs of T24) can also 
be used for induction of CDC. 

[67] Additionally, it was found that the previously known anti-CD30 antibody AC 1 0 has 
20 significant complement-dependent cytotoxicity activity. AGIO is a mouse IgG2bK arjtibody 

raised against human YT lymphoma cells and which is commercially available from ft 

number of sources, including Ancell Corp. (Bayport, MNf), Research Diagnostics, hiqf. 

(Flanders, NJ) and ID Labs, Inc. (London, Ontario, Canada). See also, Bowen, J. hnmunol. 

151 :5896-5906 (1993) and Falini, Blood, 85:1-14 (1995). This is the furst report that jthis 
25 antibody has complement-dependent cytotoxicity activity. | 

[68] It appears from the studies performed in the course of the present work that 
antibodies that are effective at activating complement dependent cytotoxicity tend to be those 
that recognize epitope IIIB of CD30 and to be of the IgG2a and b subclasses. The sequences 
of the variable heavy and variable light antibodies of these antibodies are shown in the 
30 Figures and sequence listing. 

[69] The sequences of the constant region of the antibodies, mcluding the Fc region, are 
not shown. Sequences of the constant regions of the IgG subclasses have been well known in 
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the art for years (e.g., Honjo et al.. Cell, 18:559-68 (1979); Tucker et al.. Science, 206:1303-6 
(1979); Yamawaki et al.. Nature 283:786-9 (1980); Ellison et al., Nucl Acids Res 10:4071-9 
(1982); EUisonetal.,DNA 1:11-8 (1981); Ellison and Hood, Pioc Natl Acad SciUSA 
79: 1984-8 (1982)). Since the CDRs of the variable regions determine antibody specificity, 

5 the CDRs shown in the Figures, or the Fvs, can be grafted or engineered into an antibody of 
choice to confer CD30-specificity upon that antibody. Moreover, the constant regions can be 
engineered to replace residues found in non-human animals, such as mice, with residues 
typically found in humans. Antibodies engineered in this way are referred to as "humanized 
antibodies" and are preferred, since they have a lower risk of inducing side effects and can 

10 remain in the circulation longer. Methods of humanizing antibodies are known in the art and 
are set forth in, for example, U.S. Patent Nos. 6,180,377; 6,407,213; 5,693,762; 5,585,089; 
and 5,530,101. 

DEFINITIONS 

1 5 [70] Units, prefixes,-iand symbols are denoted in their Systeme International de Unites 
(SI) accepted form. Numeric ranges are inclusive of the numbers defining the range. Unless 
otherwise indicated, nucleic acids are written left to right in 5' to 3' orientation; amino acid 
sequences are written left to right in amino to carboxy orientation. The headings provided 
herein are not liinitations of the various aspects or embodiments of the invention, which can 

20 be had by reference to the specification as a whole. Accordingly, the terms defined \ 
immediately below are more fully defined by reference to the specification m its enti^ty. 
Terms not defined herein have their ordinary meaning as understood by a person of s^U in 
the art. . 

[71] "CD30," also known as "Ki- 1 ," is a human lymphocyte activation marker that is a 
25 member of the tumor necrosis factor receptor family highly overexpressed on cells o| 

Hodgkin lymphoma and anaplastic large-cell lymphoma. Human CD30 was first identified 
in 1982 and was cloned in 1992. Durkop et al, CeU, 68:421-427 (1992). Duricop et al. 
identified CD30 as a 595 amino acid protein. The sequence is set forth by the National 
Center for Biotechnology Information (NCBI) under accession number XP_001 744, and can 
30 be accessed on the NCBI website. As used herein, "CD30" refers to the activation marker 
and "¥1-1" refers to a specific antibody known in flie art which binds the marker. 
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[72] As used herein, the term "anti-CD30" in reference to an antibody or fragment 
retaining antigen recognition capability, refers to an antibody that specifically binds human 
CD30 and includes reference to an antibody which is generated against CD30. 

[73] "sCD30 " or "soluble CD30" refers to that extracellular portion of CD30 which is 
5 proteolytically cleaved firom intact CD30 and released into the extracellular fluid. 

[74] By "stalk" is meant the residual extracellular component of CD30 that corresponds 
to that region of CD30 that is bound to the cell following the proteolytic cleavage of CD30 
that results in the release of sCD30. The stalk is present regardless of whether the segment of 
CD30 wliich corresponds to sCD30 is cleaved or uncleaved firom CD30. 

1 0 [75] By "surface of the stalk" is meant the extracellular region of the stalk 

[76] By "cell membrane proximal" or "cell surface proximal" is meant next to or nearer 
the cell membrane. 

[77] By "cell membrane distal" or "cell surface distal" is meant farther away fi-om the 
cell membrane. 

1 5 [78] By "extracellular" is meant the region extending outward firom the lipid bilayer 
encompassing a cell. 

[79] The term "epitope" is used herein in two senses. When in lower case, the term has 
the meaning usually understood in the art as the portion of an antigen that is recogni^^d and 
bound by an antibody. When capitalized and followed by a Roman number (e.g., "Epitope 
20 VI"), it refers to a portion of CD30 defined by the competitive binding of various antibodies, 
as described in tlie Examples and in the Brief Description of Figure 1 . 

[80] By "specifically bind" is meant that no more than 1 5% of a ligand which j 
specifically binds to a target molecule is bound to a particular non-target molecule. More 
preferably, no more than 10% is bound to the non-target molecule, even more preferably less 
25 than 5%, and most preferably less than 1%. 

[81] By "physiological conditions" is meant an extracellular milieu having conditions 
(e.g., temperature, pH, and osmolarity) which allows for the sustenance or growth of a cell of 
interest. 

[82] The term "Pseiidomdnas exotoxin" ("PE") as used herein can refer to a fiilHength 
30 natiye (naturally occurring) PE or to a PE that has been modified. Native Pseudomoms 
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exotoxin A C'PE") is an extremely active monomeric protein (molecular weight 66 kD), 
secreted by Pseudomonas aeruginosa, which inhibits protein synthesis in eukaryotic cells. 
The native PE sequence is provided in commonly assigned U.S. Patent No. 5,602,095. 
Modified forms of PE are discussed m detail herein in the section on Toxins, ir^a. 

5 [83] Cells are generally understood in the art to be bounded by a plasma membrane 

(herein refened to as the "cell membrane") comprising a lipid bilayer, in which proteins such 
as the ABC transporters are situated. See, generally, Alberts et al.. Molecular Biology of the 
CeU, Garland Publishing, Inc., New York (3'" Ed., 1994), Chapter 10. The cell membrane 
may be considered to have a surface facing on the cytosol, or the interior of the cell, and a 

1 0 surface facing to the exterior of the cell, or the extracellular space. Transmembrane proteins 
such as CD30 are amphipathic, that is, they have regions that are hydrophobic and regions 
that are hydrophilic. Regions that pass through the membrane are hydrophobic and interact 
with tiie hydrophobic tails of the lipid molecules comprising the bilayer. Regions that are 
hydrophilic are exposed to water on either the cytosolic or the extracellular side of the 

1 5 membrane. Id. The transrnembrane domain of transmembrane proteins are either in an alpha 
helix or multiple beta strands. Lodish et al., Molecular Cell Biology, W.E. Freeman and Co., 
New York (4th Ed., 2000), at chapter 3. 

[84] Portions of transmembrane proteins about 20-30 amino acid residues in length with 
a high degree of hydrophobicity are long enough to cross the membrane as an a-helix and can 
20 be identified by a hydropathy plot. E.g., Alberts et al., 5Mj3ra. ,j 

i 

[85] Unless otherwise indicated, references herein to amino acid positions of antibody 
heavy or light chains refer to the numbering of the amino acids under the "Kabat and^u"" 
system. See, Kabat, E., et al. Sequences of Proteins of Immunological Interes^, U.S. 
Government Printing Office, NIH Publication No. 91-3242 (1991), which is hereby j 

25 incorporated by reference (the Kabat and Wu database and numbering system are alsb 

referred to herein as the "Kabat" system and numbering). The Kabat and Wu database is the 
most widely used system in the art for numbering amino acid residues of antibodies and is 
now too large to be conveniently printed. It is now maintained onlme-and can be found by 
entering "http://" followed by "immuno.bme.nwu.edu/". The niunber accorded to a residue 

30 under the Kabat and Wu system does not necessarily correspond to the number that one 
might obtain for a residue in a given heavy or light chain by counting from the amino 
terminus of that chain. 
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[8dl As used herein, "antibody" includes reference to an immunoglobulin molecule 
iromunologically reactive with a particular antigen, and includes both polyclonal and 
monoclonal antibodies. The temi also mcludes genetically engineered forms such as 
chimeric antibodies (e.g., humanized murine antibodies), heteroconjugate antibodies (e.g., 
5 bispecific antibodies) and recombinant single chain Fv fragments (scFv), and disulfide 

stabilized (dsFv) Fv fragments (see, U.S. Patent No. 5,747,654, which is mcorporated herein 
by reference). The term "antibody" also includes antigen binding forms or fragments of 
antibodies which retain antigen binding capability (e.g., Fah\ ¥(ab% Fab, Fv and rIgG). See 
also. Pierce Catalog and Handbook, 1994-1995 (Pierce Chemical Co., Rockford, EL); Kuby, 
10 J., Immunology, 3'** Ed., W.H. Freeman & Co., New York (1997). 

[87] An antibody immunologically reactive with a particular antigen can be generated by 
recombinant methods such as selection of libraries of recombinant antibodies in phage or 
similar vectors, see, e.g., Huse, etai, Science 246:1275-1281 (1989); Ward, etai, Nature 
341:544-546 (1989); and Vaughan, et aU Nature Biotech 14:309-314 (1996), or by 
1 5 immunizing an animal with the antigen or with DN A encoding the antigen. 

[88] Typically, an immunoglobuUn has a heavy and Ught chain. Each heavy and light 
chain contains a constant region and a variable region, (the regions are also known as 
"domains"). Light and heavy chain variable regions contain a "framework" region 
interrupted by three hypervariable regions, also called "complementarity-determining 
20 regions" or "CDRs". The extent ofthe framework region and CDRs have been defined. See, 
Kabat and Wu, supra. The sequences of the framework regions of different light or h^avy 
chains are relatively conserved within a species. The framework region of an antibody, that 
is the combined firamework regions of the constituent Ught and heavy chains, serves to 
position and align the CDRs in three dimensional space. | 

25 [89] The CDRs are primarily responsible for binding to an epitope of an antigen.| The 
CDRs of each chain are typically referred to as CDRl, CDR2, and CDR3, numbered 
sequentially starting from the N-terminus, and are also typically identified by the chain in 
which the particular CDR is located. Thus, a Vh CDR3 is located in the variable domain of 
the heavy chain of the antibody in which it is found, whereas a Vt CDRl is the CDRl from 

30 the variable domain of the light chain of the antibody in which it is found. 
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[90] References to "Vh" or a "VH" refer to the variable region of an immunoglobuiin 
heavy chain, including an Fv, scFv , dsFv or Fab. References to "Vl" or a "VL" refer to the 
variable region of an immunoglobulin light chain, including of an Fv, scFv , dsFv or Fab 

[91] The phrase "single chain Fv" or "scFv" refers to an antibody in which the variable 
domains of the heavy diain and of the light chain of a traditional two chain antibody have 
been joined to form one chain. Typically, a linker peptide is inserted between the two chains 
to allow for proper foldmg and creation of an active binding site. 

[92] The term "linker peptide" includes reference to a peptide within an antibody binding 
jfragment (e.g., Fv fragment) which serves to indirectly bond the variable domain of the heavy 
chain to the variable domain of the light chain. 

[93] The term "parental antibody" means any antibody of interest which is to be mutated 
or varied to obtain antibodies or fragments thereof which bind to the same epitope as the 
parental antibody, but with higher affmity. 

[94] The term "hotspbt" means a portion of a nucleotide sequence of a CDR or of a 
framework region of a variable domain which is a site of particularly high natural variation. 
Although CDRs are themselves considered to be regions of hypervariability, it has been 
learned that mutations are not evenly distributed throughout the CDRs. Particular sites, or 
hotspots, have been identified as these locations which undergo concentrated mutations. The 
hotspots are characterized by a number of structural features and sequences. These "l|otspot 
motifs" can be used to identify hotspots. Two consensus sequences motifis which arejj 
especially well characterized are the tetranucleotide sequence RGYW and the serine ^^equence 
AGY, where R is A or G, Y is C or T, and W is A or T. 

[95] A "targeting moiety" is the portion of an immunoconjugate intended to target the 
immunoconjugate to a cell of interest. Typically, the targeting moiety is an antibody|or a 
fragment of an antibody that retains antigen recognition capability, such as a scFv, a dsFv, an 
Fab, or an F(ab')2. 

[96] A "toxic moiety" is the portion of a immimotoxin which renders the immunotoxin 
cytotoxic to cells of interest. 

[97] A 'therapeutic moiety" is the portion of an immunoconjugate intended to act as a 
therapeutic agent. 
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[98] The tenn "therapeutic agent" includes any number of compounds currently known 
or later developed to act as anti-neoplastics, anti-inflammatories, cytokines, anti-infectives, 
enzyme activators or inhibitors, allosteric modifiers, antibiotics or other agents administered 
to induce a desired therapeutic effect in a patient. The therapeutic agent may also be a toxin 
5 or a radioisotope, where the therapeutic effect intended is, for example, the killmg of a cancer 
cell 

[99] A "detectable labeP' means, with respect to an immunoconjugate, a portion of the 
immunoconjugate which has a property rendering its presence detectable. For example, the 
immunoconjugate may be labeled with a radioactive isotope which permits cells in which the 
1 0 immunoconjugate is present to be detected in immunohistochemical assays. 

[100] The term "effector moiety" means the portion of an immunoconjugate mtended to 
have an effect on a cell targeted by the targeting moiety or to identify the presence of the 
immunoconjugate. Thus, the effector moiety can be, for example, a therapeutic moiety, such 
as a toxin, a radiolabel, or a fluorescent label. 

1 5 [101] Tlie term "immunoconjugate'' includes reference to a covalent linlcage of an effector 
molecule to an antibody (the effector molecule is referred to as an effector moiety upon 
conjugation to the antibody, which can then be referred to as a targeting moiety). The 
effector molecule can be, for example, a toxin. 

[102] The terms "effective amount" or "amount effective to" or "therapeutically elective 
20 amount" includes reference to a dosage of a therapeutic agent sufficient to produce a j^esired 
result, such as inliibiting cell protein synthesis by at least 50%, or killing the cell. ] 

[103] The term "toxin" includes reference to abrin, ricin, Pseudomonas exotoxin (PE), 
diphtheria toxin (DT), botulinum toxin, or modified toxins thereof For example, PE knd DT 
are highly toxic compounds that typically bring about death through liver toxicity. Pp and 
25 DT, however, can be modified into a form for use as an immunotoxm by removing the native 
targeting component of the toxin (e.g., domaui la of PE or the B chain of DT) and replacing it 
with a different targeting moiety, such as an antibody. 

[104] The term "contacting" includes reference to placement m direct physical 
association. 

3 0 [105] An "expression plasmid" comprises a nucleotide sequence encoding a molecule or 
interest, which is operably linked to a promoter. 
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[106] As used herein, "polypeptide", "peptide" and "protein" are used interchangeably and 
include reference to a polymer of amino acid residues. The terms apply to amino acid 
polymers in which one or more amino acid residue is an artificial chemical analogue of a 
corresponding naturally occurring amino acid, as well as to naturally occurring amino acid 
5 polymers. The terms also apply to polymers containing conservative amino acid substitutions 
such that the protein remains functional. 

[107] The term "residue" or "amino acid residue" or "amino acid" includes reference to an 
amino acid that is incorporated into a protein, polypeptide, or peptide (collectively "peptide"). 
The amino acid can be a naturally occurring amino acid and, unless otherwise limited, can 
10 encompass known analogs of natural amino acids tiiat can function in a similar manner as 
naturally occurring amino acids. 

[108] The amino acids and analogs referred to herein are described by shorthand 
designations as follows in Table A: 



Table A: Amino Acid Nomenclature 

Name 3-letter Metter 



Alanine 


Ala 


A 


Arginine 


Arg . 


R ' 

N'i 


Asparagine 


Asn 


Aspartic Acid 


Asp 


D j 


Cysteine 


Cys 


c i 


Glutamic Acid 


Glu 


E I 


Glutamine 


Gin 


qI 


Glycine 


Gly 


g( 


Histidine 


His 


H 


Homoserine 


Hse 




Isoleucine 


lie 


I 


Leucine 


Leii 


L 


Lysine 


Lys 


K 


Methionine 


Met 


M 


Methionine sulfoxide 


Met(0) 
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IVlCUUOUillC 






inctnyisuitoniuni 






Norleucine 






Phenylalanine 


rne 


r 


rroiine 


Prn 


p 

IT 


Serine 




Q 
O 


Threonine 


Thr 


T 


Tryptophan 


Trp 


W 


Tyrosine 


Tyr 


Y 


Valine 


Val 


V 



10 



[109] A "conservative substitution", when describing a protein refers to a change in the 
amino acid composition of the protein that does not substantially alter the protein's activity. 
Thus, "conservatively modified variations" of a particular amino acid sequence refers to 

1 5 amino acid substitutions of those amino acids that are not critical for protein activity or 
substitution of amino acids with other amino acids having similar properties (e.g., acidic, 
basic, positively or negatively charged, polar or non-polar, eta) sach tliat the substitutions of 
even critical amino acids do not substantially alter activity. Conservative substitution tables 
providing functionally similar amino acids are well known m.the art. The foUov^ng six 

20 groups in Table B each contain amino acids that are conservative substitutions for one 
another; *\ 

Table B \ 

i 

1) Alanine (A), Serine (S), Threonine (T); 

2) Aspartic acid (D), Glutamic acid (E); ; 
25 3) Asparagine (N), Glutamine (Q); I 

r 

4) Arginine (R), Lysine (K); i 

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and 

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 

See also, Creighton, PROTEINS, W.H. Freeman and Company, New York 

30 (1984). 

[IIOJ The terms "substantially similar" in the context of a peptide indicates that a peptide 
comprises a sequence with at least 90%, preferably at least 95% sequence identity to the 
reference sequence over a comparison window of 10-20 amino acids. Percentage of sequence 
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identity is determined by comparing two optimally aligned sequences over a comparison 
window, wherein the portion of the polynucleotide sequence in the comparison window may 
comprise additions or deletions (z.e., gaps) as compared to the reference sequence (v^ch 
does not comprise additions or deletions) for optimal alignment of the two sequences. The 
5 percentage is calculated by determining the number of positions at which the identical nucleic 
acid base or amino acid residue occurs in both sequences to yield the number of matched 
positions, dividing the number of matched positions by the total number of positions in the 
window of comparison and multiplying the result by 100 to yield the percentage of sequence 
identity. 

10 [111] The phrase "disulfide bond" or "cysteine-cysteine disulfide bond" refers to a 
covalent interaction between two cysteines in which the sulfiir atoms of the cysteines are 
oxidized to fomi a disulfide bond. The average bond energy of a disulfide bond is about 60 
kcal/mol compared to 1-2 kcal/mol for a hydrogen bond. In the context of this invention, the 
cysteines which form the disulfide bond are within tlie firamework regions of the single chain 

1 5 antibody and serve to stabilize the conformation of the antibody, 

[112] The terms "conjugating " "joining " "bonding" or "linking" refer to making two 
polypeptides into one contiguous polypeptide molecule. In the context of the present 
invention, the terms include reference to joining an antibody moiety to an effector molecule 
(EM). The linkage can be either by chemical or recombinant means. Chemical means refers 
20 to a reaction between the antibody moiety and the effector molecule such'that there i§|a 
covalent bond fomied between the two molecules to form one molecule. '| 

[113] As used herein, "recombinant". includes reference to a protein produced using cells 
that do not have, in their native state, an endogenous copy of the DNA able to express the 
protein. The cells produce the recombinant protein because they have been genetically 

25 altered by the introduction of the appropriate isolated nucleic acid sequence. The ten^i also 
includes reference to a cell, or nucleic acid, or vector, that has been modified by the 
introduction of a heterologous nucleic acid or the alteration of a native nucleic acid to a form 
not native to that ceil, or that the cell is derived fi-om a cell so modified. Thus, for example, 
recombinant cells express genes that are not found within the native (non-recombinant) form 

30 of the cell, express mutants of genes that are found within the native form, or express native 
genes that are otherwise abnormally expressed, underexpressed or not expressed at all. 
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[114] As used herein, "nucleic acid" or "nucleic acid sequence" includes reference to a 
deoxyribonucleotide or ribonucleotide polymer in either single- or double-stranded form, and 
unless otherwise limited, encompasses known analogues of natural nucleotides that hybridize 
to nucleic acids in a manner similar to naturally occurring nucleotides. Unless otherwise 
5 indicated, a particular nucleic acid sequence includes the complementary sequence thereof as 
well as conservative variants, /.e, nucleic acids present in wobble positions of codons and 
variants that, when translated into a protein, result in a conservative substitution of an amino 
acid. 

[115] As used herein, "encoding" with respect to a specified nucleic acid, includes 
10 reference to nucleic acids which comprise the information for translation into the specified 
protein. The information is specified by the use of codons. Typically, the, amino acid 
sequence is encoded by the nucleic acid using the "universal" genetic code. However, 
variants of the universal code, such as is present in some plant, animal, and fungal 
mitochondria, the bacterium Jk^cop/ayma capricohim (Proc, Nat 'I Acad Sci. USA 82:2306- 
15 2309 (1 985), or the ciliate Macromcleus, may be used v^en the nucleic acid is expressed in 
using the translational machinery of these organisms. 

[116] The phrase "fusing in frame" refers to joining two or more nucleic acid sequences 
which encode polypeptides so that the joined nucleic acid sequence translates into a single 

chain protein which comprises tlie original polypeptide chains. , 

J 

20 [117] As used herein, "expressed" includes reference to translation of a nucleic ac|l into a 
protein. Proteins may be expressed and remain intracellular, become a component of -the cell 
surface membrane or be secreted into the extracellular matrix or medium. ■ 

[118] By "host cell" is meant a cell which can sbpport the replication or expression of the 
expression vector. Host cells may be prokaryotic cells such as E, coli, or eukaryotic (jells 
25 such as yeast, insect, amphibian, or mammalian cells. ' 

[119] The phrase "phage display library" refers to a population of bacteriophage, each of 
which contains a foreign cDNA recombinantly fiised in frame to a surface protein. The 
phage display the foreign protein encoded by the cDNA on its surface. After replication in a 
bacterial host, typically E. colU the phage which contain the foreign cDNA of interest are 
30 selected by the expression of the foreign protein on the phage surface. 
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[120] The tenns "identical" or percent "identity," in the context of two or more nucleic 
acids or polypeptide sequences, refer to two or more sequences or subsequences that are the 
same or have a specified percentage of amino acid residues or nucleotides that are the same, 
when compared and aligned for maximum correspondence, as measured using one of the 
following sequence comparison algorithms or by visual inspection. 

[121] The phrase "substantially identical," in the context of two nucleic acids or 
polypeptides, refers to two or more sequences or subsequences that have at least 60%, more 
preferably 65%, even more preferably 70%, still more preferably 75%, even more preferably 
80%, and most preferably 90-95% nucleotide or amino acid residue identity, when compared 
and aligned for maximum correspondence, as measured using one of the following sequence 
comparison algorithms or by visual mspection. Preferably, the substantial identity exists over 
a region of the sequences that is at least about 50 residues in length, more preferably over a 
region of at least about 100 residues, and most preferably the sequences are substantially 
identical over at least about 150 residues. In a most preferred embodunent, the sequences are 
substantially identical ov^r the entire length of the coding regions. 

[122] For sequence comparison, typically one sequence acts as a reference sequence, to 
which test sequences are compared. When using a sequence comparison algorithm, test and 
reference sequences are input into a computer, subsequence coordinates are designated, if 
necessary, and sequence algoridim program parameters are designated. The sequence 
comparison algorithm then calculates the percent sequence identity for the test seque^ceCs) 
relative to the reference sequence, based on the designated program parameters. ^ 

[123] Optimal alignment of sequences for comparison can be conducted, e.g., by 4e local 
homology algorithm of Smith & Waterman, Adv. Appl. Math 2:482 (1981), by the hqmology 
aUgnment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the se^ch for 
similarity method of Pearson & Lipman, Proc. Nat'l. Acad. Sci. USA 85:2444 (1988|, by 
computerized implementations of these algorithms (GAP, BESTFIT, PASTA, and TFASTA 
in the Wisconsin Genetics Software Package, Genetics Computer Group; 575 Science Dr., 
Madison, WI), or by visual inspection (see generally. Current Protocols in Molecular 
Biology, F.M. Ausubel et al, eds.. Current Protocols, a joint venture between Greene 
Publishing Associates, Inc. and John WUey & Sons, Inc., (1995 Supplement) (Ausubel)). 

[124] Examples of algorithms that are suitable for determining percent sequence identity 
and sequence similarity are die BLAST and BLAST 2.0 algoritimis, which are described in 
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Altschul et al. (1990) J. Mol Biol 215: 403-410 and Altschuel et al (1977) Nucleic Acids 
Res. 25: 3389-3402, respectively. Software for perfomiing BLAST analyses is publicly 
available through the National Center for Biotechnology Information (and can be found 
online by entering "http://www.", followed by "ncbi.nhn.nih.gov/"). This algorithm involves 

5 first identifying high scoring sequence pairs (HSPs) by identifying short words of length W in 
the query sequence, which either match or satisfy some positive-valued threshold score T 
when aligned with a word of the same length in a database sequence. T is referred to as the 
neighborhood word score threshold (Altschul et al, supra). These initial neighborhood word 
hits act as seeds for initiating searches to find longer HSPs containmg them. The word hits 

10 are then extended in both directions along each sequence for as far as the cumulative 

alignment score can be increased. Cumulative scores are calculated using, for nucleotide 
sequences, the parameters M (reward score for a pair of matching residues; always > 0) and ' 
N (penalty score for mismatching residues; always < 0). For amino acid sequences, a scoring 
matrix is used to calculate the cumulative score. Extension of the word hits in each direction 

1 5 are halted when: the cumulative alignment score falls off by the quantity X fi-om its 
maximum achieved value; the cimiulative score goes to zero or below, due to the 
accumulation of one or more negative-scoring residue alignments; or the end of either 
sequence is reached. The BLAST algorithm parameters W, T, and X determine the 
sensitivity and speed of the alignment. The BLASTN program (for nucleotide sequences) 

20 uses as defaults a wordlength (W) of 1 1, an expectation (E) of 10, M=5, N=-4, and a , 

comparison of both strands. For amino acid sequences, the BLASTP program uses as|iefaults 
a wordlength (W) of 3, an expectation (E) of 10, and the BLOSUM62 scoring matrixt^ee 
Henikoff & Henikoff, Proa, Natl, Acad Sci. USA 89:10915 (1989)). \ 

[125] In addition to calculating percent sequence identity, the BLAST algoritiun ajso 
25 performs a statistical analysis of the sunilarity between two sequences {see, e,g,, Kar|n & 

Altschul, Proc, Nat'l, Acad Sci, USA 90:5873-5787 (1993)). One measure of similarity 

provided by the BLAST algorithm is the smallest sum probability (P(N)), which provides an. 

indication of the probability by which a match between two nucleotide or amino acid 

sequences would occur by chance. For example, a nucleic acid is considered similar to a 
30 reference sequence if the smallest sum probability m a comparison of the test nucleic acid to 

the reference nucleic acid is less than about 0.1, more preferably less than about 0.01, and 

most preferably less than about 0.001 . 
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[126] A further indication tiiat two nucleic acid sequences or polypeptides are 
substantially identical is that the polypeptide encoded by the first nucleic acid is 
immunologically cross reactive with the polypeptide encoded by the second nucleic acid, as 
described below. Thus, a polypeptide is typically substantially identical to a second 
5 polypeptide, for example, where the two peptides differ only by conservative substitutions. 
Another indication that two nucleic acid sequences are substantially identical is that the two 
molecules hybridize to each other under stringent conditions, as described below. 

[127] The term "z>j vivo" includes reference to inside the body of the organism fi-om 
which the cell was obtained. "£x v/vo" and "in vitro " means outside the body of the 
10 organism from which the cell was obtained. 

[128] The phrase "malignant cell" or "malignancy" refers to tumors or tumor cells that are 
invasive and/or able to imdergo metastasis, z.e., a cancerous cell. 

[129] As used herein, "mammalian cells" includes reference to cells derived from 
m^nmals including humans, rats, mice, guinea pigs, chimpanzees, or macaques. The cells 
1 5 may be cultured in vivo or in vitro. 

[130] The term "selectively reactive" refers, with respect to an antigen, the preferential 
association of an antibody, in whole or part, with a cell or tissue bearing that antigen and not 
to cells or tissues lacking that antigen. It is, of course, recognized that a certain degree of 

i 

non-specific interaction may occur between a molecule and a non-target cell or tissuej 
20 Nevertlieless, selective reactivity, may be distinguished as mediated through specific*^ 

recognition of the antigen. Although selectively reactive antibodies bind antigen, they may 
do so with low affinity. On the other hand, specific binding results in a much strongef 
association between the antibody and cells bearing the antigen than between the boui^ 
antibody and cells lacking the antigen. Specific binding typically results in greater tl^ 2- 
25 fold, preferably greater than 5-fold, more preferably greater than 10-fold and most preferably 
greater than 100-fold increase in amount of bound antibody (per unit time) to a cell or tissue 
bearing CD30 as compared to a cell or tissue lacking CD30. Specific binding to a protein 
under such conditions requires an antibody that is selected for its specificity for a particular 
, protein. Avarietyofiiiununoassayfonnats are appropriate for selecting antibodies 
30 specifically immunoreactive with a particular protein. For example, soUd-phase ELISA 
immunoassays are routinely used to select monoclonal antibodies specifically 
immunoreactive with a protem. See Harlow & Lane, ANTIBODIES, A LABORATORY Manual, 
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Cold Spring Harbor Publications, New York (1988), for a description of immunoassay 
formats and conditions that can be used to determine specific immunoreactivity. 

r 

[131] The term "immunologically reactive conditions" includes reference to conditions 
which allow an antibody generated to a particular epitope to bind to that epitope to a 
5 detectably greater degree than, and/or to the substantial exclusion of, bindmg to substantially 
all other epitopes. Immunologically reactive conditions are dependent upon the format of the 
antibody binding reaction and typically are those utilized in immunoassay protocols or those 
conditions encountered in vivo. See Harlow & Lane, supra^ for a description of 
hnmunoassay formats and conditions. Preferably,, the inamunologically reactive conditions 

1 0 employed in the methods of the present invention are "physiological conditions" which 
include reference to conditions (e.g., temperature, osmolarity, pH) that are typical inside a 
living mammal or a mammalian cell. While it is recognized that some organs are subject to 
extreme conditions, the intra-organismal and intracellular environment normally lies around 
pH 7 (/.e., firom pH 6.0 to pH 8.0, more typically pH 6.5 to 7.5), contains water as the 

1 5 predominant solvent, and exists at a temperature above O^C and below 50*'C. Osmolarity is 
within the range that is supportive of cell viability and proliferation. 

roENTIFICATION OF THE STALK 

[132] The stalk can be identified by a variety of techniques well known to those of skill. 

20 Detemiining the presence and level of sCD30 in the serum is well known in the art. l^.g., 
Blanco Quires et aL, Pediatr Allergy Immunol, 10:235-40 (1999); Bottari et al., Allergy, 
54:507-10 (1999). sCD30 can be readily isolated by conventional techniques well known in 
the art, such as by unmobilizing CD30 antibodies that bind sCD30 on a colunm or other solid 
support , contacting the antibodies with serum shown to contain sCD30, and eluting t|ie 

25 bound sCD30 from the column or other support. The isolated sCD30 can then be seq|xenced 
by amino acid sequencing methods well known to those of skill, such as Edman degradation 
or mass spectrometry. As noted above, the sequence of intact CD30 is known, and the 
putative transmembrane domain has been identified. Durkop et al., supra. The stalk is 
therefore readily identified as the portion of the CD30 sequence that is situated between the 

30 end of the transmembrane domain of CD30 on the extracellular side of the cell membrane, on 
the one hand, and the carboxyl-terminus of sCD30, on the other. The cleavage site is also 
readily determined by comparison of the sequences of sCD30 and CD30. 



37 



wo 03/104432 



PCTrtJS03/18373 



BINDING LIGANDS TO THE STALK 

[133] A host of methods for construction and selection of ligands such as nucleic acids, 
proteins or peptides (collectively, "peptides), or antibodies, or small organics or inorganics 
(e.g., U.S. Pat No. 5,143,854; WO 90/15070; WO 92/10092; WO 96/1 1878) having the 
desired specific binding characteristics are weU known in the art. Preferably, ligands of the 
present invention will, under physiological conditions, bind to the stalk without substantially 
binding to sCD30. More preferably, the ligands of the present invention specifically bind 
only to the stalk xmder physiological conditions. A ligand may be chosen to bind to an 
extracellular ligand binding site contained wthin, for example, the first 6, 9, 12, 15, 18, 21, 
24. 27, 30, 33, 35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 60, 63, 66, 69, 72, or 75 
membrane-proximal amino acids of the stalk. 

[134] Antibodies, including polyclonal, monoclonal, or recombinant single cham Fv 
antibodies, can be constructed for use as Ugands in the present invention. Methods of 
producing polyclonal an! monoclonal antibodies are known to those of skill in the art. See, 
e.g., Coligan (1991) Current Protocols in Immunology Wiley/Greene, N.Y.; and Harlow and 
Lane (1989) Antibodies: A Laboratory Manual Cold Spring Harbor Press, N.Y.; Stites et al. 
(eds.) Basic and Clinical Immunology (4th ed.) Lange Medical Publications, Los Altos, 
Calif., and references cited therein; Goding (1986) Monoclonal Antibodies: Principles and 
Practice (2d ed.) Academic Press, New York, N.Y.; and Kohler and Milstein (1975) Ijlature 
256: 495-497; Huse et al. (1989) Science 246: 1275-1281; Ward, et al. (1989) Natur^341: 
544-546. Birch and Lennox, Monoclonal Antibodies: Principles and Applications, Wjley- 
Liss,N.Y.,N.Y.(1995). ; 

[135] Other suitable techniques for antibody or peptide ligand preparation includ^ 
selection of Ubraries of recombinant antibodies/peptides in phage or similar vectors. [High 
affinity antibodies and peptides to the stalk can be rapidly isolated by using phage display 
methods to express recombmant single chain Fv (scFv) firagments or peptide ligands on the 
phage surface. Briefly, genes encoding the surfece protein of a phage are altered so as to 
allow the insertion of an antibody or peptide gene which is expressed as a fusion protein on 
the surface of tiie phage that carries tiie gene. The phage expressing the desired antibody or 
peptide Ugand can be selectively enriched and isolated by virtue of its affinity/avidity for th( 
stalk. The DNA encoding the Ugand is packaged in the same phage and which aUows the 
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gene encoding the ligand to be isolated. A vaiiety of such methods are amply discussed in 
the literature and well known to the skilled artisan. See, e.g., Winter et al., Anna. Rev. 
Immunol. 12:433^55 (1994); Marks et al., J. Mol Biol. 222:581-597 (1991); Vaughan et al.. 
Nature Biotechnology 14:309-314 (1996), U.S. Pat. Nos. 4,642,334; 4,816,397; 4,816,567; 
5 4,704,692; WO 86/01 533; WO 88/09344; WO 89/00999; WO 90/02809; WO 90/04036; EP 0 
324 162; EP 0 239 400. 

[136] In chemical peptide synthesis, a procedure termed "Divide, Couple and Recombine" 
(DCR) has been xised to produce combinatorial peptide libraries. See, Furica et al. Int. J. Pept. 
Protein Res. 37:487-493 (1991) and Houghten et al.. Nature 354:84-86 (1991). As an 

10 alternative to DCR, peptide mixtures have also been made by direct coupling of monomer 
mixtures. See, Rutter et al., U.S. Pat. No. 5,010,175. The use of such methods to produce 
mixtures of other linear polymers, such as "peptoids", has been suggested. See, Simon, et al, 
Proc. Natl. Acad. Sci. USA 89:9367-9371 (1992). In oligonucleotide synthesis, "degenerate" 
or "wobble" mixtures of oHgonucleotide products can be made by, for example, delivery of 

1 5 equimolar mixtures of monomers to an oligonucleotide polymer at specific steps during 
synthesis. See, Atkinson and Smith, in "Oligonucleotide Synthesis. A Practical Approach", 
1984, IRL Press, Oxford, edited by M. Gait, pp 35-81. These methods of synthesizing 
peptides or oligonucleotides provide large numbers of compounds for testing which, if active, 
can be readily identified. 

20 [137] Preferably, Ugands will be constructed to minimize immunogenicity in the lj|)st as, 
for example, by maximizing the number of autologous (self) sequences present in theiigand. 
Accordingly, chimeric antibodies having non-xenogenic variable regions are preferred. 
Particularly preferred are the use of antibodies in which xenogenic portions are excluded, or 
are essentially limited to the complementarity detennining regions as in humanized | 

25 antibodies. f 

LIGAND BINDING AND TESTE^G 

[138] Binding (i.e., attacliment) of the ligand to the stalk of CD30 may occur prior or 
subsequent to cleavage of sCD30. 

30 [139] Binding affinity of antibodies to a target antigen is typically measured or 

determined by standard antibody-antigen assays, such as competitive assays, saturation 
assays, or immunoassays such as ELIS A or RIA. Such assays can be used to determine the 
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dissociation constant of the antibody. The phrase "dissociation constant refers to the affinity 
of an antibody for an antigen. Specificity of binding between an antibody and an antigen 
exists if the dissociation constant (KD = 1/K, where K is the afiBnity constant) of the antibody 
is < 1 DM, preferably < 100 nM, and most preferably < 0.1 nM. Antibody molecules will 

5 typically have a KD in the lower ranges. KD = [Ab-Ag]/[Ab][Ag] where [Ab] is the 

concentration at equilibrium of the antibody, [Ag] is the concentration at equilibrium of the 
antigen and [Ab-Ag] is the concentration at equilibrium of the antibody-antigen complex. 
Typically, the binding interactions between antigen and antibody include reversible 
noncovalent associations such as electrostatic attraction. Van der Waals forces and hydrogen 

10 bonds. 

[140] The antibodies can be detected and/or quantified using any of a number of well 
recognized immunological binding assays (see, e.g., U.S. Patents 4,366,24 1 ; 4,376, 1 1 0; 
4,5 17,288; and 4,837,168). For a review of the general immunoassays, see also METHODS 
IN CELL BIOLOGY, VOL. 37, Asai, ed. Academic Press, Inc. New York (1993); BASIC 
15 AND CLINICAL IMMUNOLOGY 7TH EDITION, Stites & Terr, eds. (1991). 

Immunological binding assays (or immunoassays) typically utilize a ligand (e.g., CD30) to 
specifically bind to and often immobilize an antibody. In a preferred embodiment, the 
immunoassay is a radioimmunoassay. 

[141] Immunoassays also often utilize a labeling agent to specifically bind to and label the 
20 binding complex formed by the ligand and the antibody. The labeling agent may itSQjf be one 
of the moieties comprising the antibody/analyte complex, i.e., an anti-CD30-stalk antibody). 
Alternatively, the labeling agent may be a third moiety, such as another antibody, that 
specifically binds to the antibody/CD30 stalk complex. = 

[142] In one aspect, a competitive assay is contemplated wherein the labeling age:^t is a 
25 second anti- CD30 stalk antibody bearing a label. The two antibodies then compete for 

binding to the immobilized CD30 stalk. Alternatively, in a non-competitive format, the anti- 
CD30 stalk antibody lacks a label, but a second antibody specific to antibodies of the species 
from which the anti- CD30 stalk antibody is derived, e.g., murine, and which binds the anti- 
CD30 stalk antibody, is labeled. 

30 [143] Other proteins capable of specifically binding umnunoglobulm constant regions, 
such as Protein A or Protein G may also be used as the label agent. These proteins are normal 
constituents of the cell walls of streptococcal bacteria. They exhibit a strong non- 



40 



wo 03/104432 



PCT/US03/18373 



immunogenic reactivity with immimoglobiilin constant regions from a variety of species (see, 
generally Kronval, et al., J. Immunol. 11 1:1401-1406 (1973); and Akerstrom, et al., J. 
Immunol. 135:2589-2542(1985)). 

[144] Throughout the assays, incubation and/or washing steps may be required after each 
5 combination of reagents. Incubation steps can vary from about 5 seconds to several hours, 
preferably from about 5 minutes to about 24 hours. However, the incubation time will 
depend upon the assay format, antibody, volume of solution, concentrations, and flie like. 
Usually, the assays will be carried out at ambient temperature, although they can be 
conducted over a range of temperatures, such as 10°C to 40^C. 

1 0 [145] Wliile the details of the immunoassays of the present invention may vary with the 
particular fonnat employed, the method of detecting anti- CD30 stalk antibodies in a sample 
containing the antibodies generally comprises the steps of contacting the sample with an 
antibody which specifically reacts, under immunologically reactive conditions, to the CD30 
stalk/antibody complex. 

15 

PRODUCTION OF IMMUNOCONJUGATES 

[146] Immunoconjugates include, but are not limited to, molecules in which there is a 
covalent linkage of a therapeutic agent to an antibody. A therapeutic agent is an agent with a 
particular biological activity directed agamst a particular target molecule or a cell bearing a 
20 target molecule. One of skill in the art will appreciate that therapeutic agents may include 
various drugs such as vinblastine, daunomycin and the like, cytotoxins such as native or 
modified Pseudomonas exotoxin or Diphtheria toxin, encapsulating agents, (e.g., liposomes) 
which themselves contain pharmacological compositions, radioactive agents such as p^I, ^^P, 

i 

'"^C, and ^^S and other labels, target moieties and Ugands. (Such therapeutic agents are 
25 sometimes referred to herein as "effector molecules".) | 

[147] The choice of a particular therapeutic agent depends on the particular target 
molecule or cell and the biological effect is desired to evoke. Thus, for example, the 
therapeutic agent may be a cytotoxin which is used to bring about the death of a particular 
target cell. Conversely, where it is merely desired to invoke a non-lethal biological response, 
30 the therapeutic agent may be conjugated to a non-lethal pharmacological agent or a liposome 
containing a non-lethal pharmacological agent. 
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[148] With the therapeutic agents and antibodies herein provided, one of skill can readily 
construct a variety of clones containing functionally equivalent nucleic acids, such as nucleic 
acids which differ in sequence but which encode the same effector molecule ("EM") or 
antibody sequence. Thus, the present invention provides nucleic acids encoding antibodies 
5 and conjugates and fusion proteins thereof 

A. Recombinant Methods 
[149] Nucleic acid sequences encoding the chimeric molecules of the present invention 
can be prepared by any suitable method includmg, for example, cloning of appropriate 

1 0 sequences or by direct chemical synthesis by methods such as the phosphotriester method of 
Narang, et al, Meth EnzymoL 68:90-99 (1979); the phosphodiester method of Brown, et al, 
Metk Emymol 68:109-151 (1979); the diethylphosphoramidite method of Beaucage, etaL, 
Tetra Lett. 22:1859-1862 (1981); the solid phase phosphoramidite triester method described 
by Beaucage & Caruthers, Tetra Letts. 22(20): 1859- 1862 (1981), e.g., usmg an automated 

15 synthesizer as described in, for example, Needham-VanDevanter, et al Nucl Acids Res. 

12:6159-6168 (1984); and, the solid support method of U.S. Patent No. 4,458,066. Chemical 
synthesis produces a single stranded oligonucleotide. This may be converted into double 
stranded DNA by hybridization with a complementary sequence, or by polymerization with a 
DNA polymerase using the single strand as a template. One of skill would recognize that . 

20 while chemical synthesis of DNA is limited to sequences of about 100 bases, longer ) 
sequences may be obtained by the ligation of shorter sequences. ^ 

[150] In a preferred embodiment, the nucleic acid sequences of this invention are prepared 
by cloning techniques. Examples of appropriate cloning and sequencing techniques, and 
instructions sufficient to direct persons of skill through many cloning exercises are foind in 

25 Sambrook, et al, supra, Berger and Kimmel (eds.), supra, and Ausubel, supra. Prodi|ct 
iirformation from manufacturers of biological reagents and experimental equipment also 
provide useful information. Such manufacturers include the SIGMA chemical company 
(Saint Louis, MO), R&D systems (Minneapolis, MN), Pharmacia Amersham (Piscataway, 
NJ), CLONTECH Laboratories, Inc. (Palo Alto, CA), Chem Genes Corp., Aldrich Chemical 

30 Company (Milwaukee, WI), Glen Research, Inc., GIBCO BRL Life Technologies, Inc. 
(Gaithersburg, MD), Fluka Chemica-Biochemika Analytika (Fluka Chemie AG, Buchs, 
Switzerland), hivitrogen (San Diego, CA), and Applied Biosystems (Foster City, CA), as 
well as many other commercial sources known to one of skill. 
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[ISIJ Nucleic acids encoding anti-CD30 or CD30 stalk antibodi^ can be modified to ^ 
form the EM, antibodies, or immunoconjugates of the present invention. Modification by 
site-directed mutagenesis is well known in the art. Nucleic acids encoding EM or CD30 or 
CD30 stalk antibodies can be amplified by in vitro methods. Amplification methods include 
5 polymerase chain reaction (PGR), the ligase chain reaction (LCR), the transcription-based 
ampUfication system (TAS), the self-sustained sequence replication system (3SR). A wide 
variety of cloning methods, host cells, and in vitro amplification methodologies are well 
known to persons of skill. 

[152] In a preferred embodiment, immunoconjugates are prepared by inserting the cDNA 
10 which encodes an anti- CD30 or CD30 stalk scFv antibody into a vector which comprises the 
cDNA encoding the EM. The insertion is made so that the scFv and the EM are read in 
frame, that is in one continuous polypeptide which contains a fimctional Fv region and a 
fimctional EM region. In a particularly preferred embodiment, cDNA encoding a cj^otoxin is 
ligated to a scFv so that tiie cytotoxin is located at the carboxyl teraimus of the scFv. In a 
1 5 most preferred embodiment, cDNA encodmg a Pseudomonas exotoxin ("PE"). mutated to 
eliminate or to reduce non-specific bindmg, is ligated to a scFv so that the toxin is located at 
the amino terminus of tlie scFv. 

[153] Once the nucleic acids encodmg an EM, anti- CD30 or CD30 stalk antibody, or an 
immunoconjugate of the present invention are isolated and cloned, one may express Hfye 

20 desired protein in a recombinantly engmeered cell such as bacteria, plant, yeast, inse(^ and 
mammaUan cells as discussed above in connection with the discussion of expression vectors 
encoding CD30 or CD30 stalk. It is expected that those of skill in the art are knowledgeable, 
in the numerous expression systems available for expression of proteins including E, coli, 
other bacterial hosts, yeast, and various higher eukaryotic cells such as the COS, CHO, HeLa 

25 , and myeloma cell lines. No attempt to describe in detail the various methods known for the 
expression of proteins in prokaryotes or eukaryotes will be made. 

[154] One of skill woxild recognize that modifications can be made to a nucleic acid 
encoding a polypeptide of the present mvention (z.e,, anti- CD30 or CD30 stalk antibody, PE, 
or an immunoconjugate formed from their combination) without diminishing its biological 
30 activity. Some modifications may be made to facilitate the cloning, expression, or 

incorporation of the targeting molectde into a fiision protein. Such modifications are well 
known to those of skill in the art and include, for example, termination codons, a methionine 
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added at the amino tenninus to provide an initiation site, and additional amino acids placed 
on either terminus to create conveniently located restriction sites. 

[155] In addition to recombinant methods, the immunoconjugates, EM, and antibodies of 
the present invention can also be constructed in vAxole or in part using standard peptide 
synthesis. Solid phase synthesis of the polypeptides of the present invention of less than 
about 50 amino acids in length may be accomplished by attaching the C-terminal amino acid 
of the sequence to an insoluble support followed by sequential addition of the remaining 
amino acids in the sequence. Techniques for solid phase synthesis are described by Barany & 
Merrifield, The Peptides: Analysis, Synthesis, Biology. Vol. 2: Special Methods in 
PEPTIDE'S YNTHESIS, PART A. pp. 3-284; Merrifield, et al. J. Am. Chem. Soc. 85:2149-2156 
(1963), and Stewart, et al, Solid Phase Peptide Synthesis, 2nd ed. , Pierce Chem. Co., 
Rockford, 111. (1984). Proteins of greater length may be synthesized by condensation of the 
amino and carboxyl termini of shorter fragments. Methods of forming peptide bonds by 
activation of a carboxyl terminal end (eg., by the use of the coupling reagent 
N, N'-dicycylohexylcarbddiimide) are known to those of skill. 

B. Purification 

[156] Once expressed, the recombinant immimoconjugates, antibodies, and/or effector 
molecules of the present invention can be purified according to standard procedures of the 
art, including ammonium sulfate precipitation, affinity columns, colunm chromatogr^hy, 
and the like (see, generally, R. Scopes, PROTEIN PURIFICATION, Springer-Verlag, N.^ 
(1982)). Substantially pure compositions of at least about 90 to 95% homogeneity ar0 • 
preferred, and 98 to 99% or more homogeneity are most preferred for pharmaceutical; uses. 
Once purified, partially or to homogeneity as desired, if to be used therapeutically, thb 
polypeptides should be substantially free of endotoxin. f 

[157] Methods for expression of single chain antibodies and/or refolding to an appropriate 
active form, including single chain antibodies, from bactaria such as E. coli have been 
described and are well-known and are applicable to tiie antibodies of this invention. See, 
Buchner, etal.,Anal. Biochem. 205:263-270 (1992); Plucktiiun, Biotechnology 9:545 (1991); 
Huse, et al. Science 246: 1275 (1989) and Ward, et al. Nature 341 :544 (1989), all 
incorporated by reference herein. 
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[158] Often, functional heterologous proteins from E. coli or other bacteria are isolated 
from inclusion bodies and require solubilization using strong denaturants, and subsequent 
refolding. During the solubilization step, as is well-known in the art, a reducing agent must 
be present to separate disulfide bonds. An exemplary buffer with a reducing agent is: 0. 1 M 
5 Tris pH 8, 6 M guanidine, 2 mM EDTA, 0,3 M DTE (dithioerythritol). Reoxidation of the 
disulfide bonds can occur in the presence of low molecular weight thiol reagents in reduced 
and oxidized form, as described in Saxena, et al, Biochemistiy 9: 5015-5021 (1970), 
incorporated by reference herein, and especially as described by Buchner, et al, supra. 

[159] Renaturation is typically accomplished by dilution (f g., 100-fold) of the denatured 
10 and reduced protein into refolding buffer. An exemplary buffer is 0, 1 M Tris, pH 8.0, 0.5 M 
L-argmine, 8 mM oxidized glutatliione (GSSG), and 2 mM EDTA. 

[160] As a modification to the two chain antibody purification protocol, the heavy and 
light chain regions are separately solubilized and reduced and then combined in the refolding 
solution. A preferred yield is obtained when these two proteins are mixed in a molar ratio 
1 5 such that a 5 fold molar axcess of one protein over the other is not exceeded. It is desirable to 

add excess oxidized glutatliione or other oxidizing low molecular weight compoimds to the 
refolding solution after the redox-shuffling is completed. 

TOXINS 

i 

20 A. Introduction 

[161] Toxins can be employed with antibodies of the present invention to yield chimeric 

\ 

niolecules, such as inimunotoxins. Exemplary toxins include ricin, abrin, diphtheria tbxin 
and subunits thereof, ribotoxin, ribonuclease, saporin, and calicheamicin, as well as 

i 

botulinum toxins A through F. These toxins are well known in ttie art and many are rpadily 

\ 

IS available from commercial sources (e.g., Sigma Chemical Company, St. Lovus, MO).' 

Diphtheria toxin is isolated from Corynebacterium diphtheriae. Typically, diphtheria toxin, 
for use in immunotoxins is mutated to reduce or to eliminate non-specific toxicity. A mutant 
known as CRM107, which has full enzymatic activity but markedly reduced non-specific 
toxicity, has been known since the 1970's (Laird and Groman, J. Vkol. 19: 220 (1976)), and 

30 has been used in human clinical trials. See, U.S. Patent Nos. 5,792,458 and 5,208,021 . As 
used herein, the term "diphtheria toxin" refers as appropriate to native diphtheria toxin or to 
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diphtiieria toxin that retains enzymatic activity but which has been modified to reduce non- 
specific toxicity. 

[162] Ricin is the lectin RCA60 from Ricinus communis (Castor bean). The term "ricin" 
also references toxic variants thereof. For example, see, U.S. Patent Nos. 5,079,163 and 
4,689,401 . Ricinus communis agglutinin (RCA) occurs in two forms designated RCA60 and 
RCA120 according to their molecular weights of approximately 65 and 120 kD, respectively 
(Nicholson & Blaustein, J. Biochim. Biophys. Acta 266:543 (1972)). The A chain is 
responsible for inactivating protein synthesis and killing cells. The B chain binds ricin to 
cell-surface galactose residues and facilitates transport of the A chain into the cytosol 
(Olsnes, et al, Nature 249:627-631 (1974) and U.S. Patent No. 3.060,165). 

[163] Conjugating ribonucleases to targeting molecules for use as unmunotoxins is 
discussed in, e.g., Suzuki et al., Nat Biotech 17:265-70 (1999). Exemplary ribotoxins such as 
a-sarcin and restrictocin are discussed in, e .g., Rathore et al.. Gene 190:31-5 (1997) and 
Goyal and Batra, Biochem 345 Pt 2:247-54 (2000). Calicheamicms were first isolated from 
Micromonospora echinospora and are members of the enediyne antitumor antibiotic femily 
that cause double strand breaks in DNA that lead to apoptosis.. See, e.g., Lee et al., J. 
Antibiot 42:1070-87 (1989). The drug is the toxic moiety of an immunotoxin in clinical 
trials. See, e.g., Gillespie et al., Ann Oncol 1 1:735-41 (2000). 

[164] Abrin includes toxic lectins from Abrus precatorius. The toxic principles, abrin a, 
b, c, and d, have a molecular weight of from about 63 and 67 kD and are composed oltwo 
disulfide-linked polypeptide chains A and B. The A chain inhibits protein synthesis; |he B- 
chain (abrin-b) binds to D-galactose residues (see, Funatsu, et aL,Agr. Biol. Chem. 52:1095 
(1 988); and Olsnes, Methods Enzymol. 50:330-335 (1978)). .■ 

1 

[165] In preferred embodiments of the present invention, the toxin is Pseudomond^ 
exotoxin (PE). Native Pseudomonas exotoxin A ("PE") is an extremely active monoberic 
protein (molecular weight 66 kD), secreted by Pseudomonas aeruginosa, which inhibits 
protein synthesis in eukaryotic cells. The native PE sequence is provided in commonly 
assigned U.S. Patent No. 5,602,095, incorporated herein by reference. The method of action 
is inactivation of the ADP-ribosylation of elongation factor 2 (EF-2). The exotoxin contains 
three structural domains that act in concert to cause cytotoxicity. Domain la (amino acids 1- 
252) mediates cell binding. Domain H (amino acids 253-364) is responsible for translocation 
into the cytosol and domain HI (amino acids 400-613) mediates ADP ribosylation of 
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elongation factor 2. The function of domain lb (amino acids 365-399) remains undefined, 
although a large part of it, amino acids 365-380, can be deleted without loss of cytotoxicity. 
See Siegall, etal, 1 Biol Chem. 264:14256-14261 (1989). 

[166] The term "Pseudomoitas exotoxin'' C'PE") as used herein refers as appropriate to a 
5 full-length native (naturally occurring) PE or to a PE that has been modified. Such 

modifications may include, but are not limited to, elimination of domain la, various amino 
acid deletions in domams lb, 11 and III, smgle amino acid substitutions and the addition of 
one or more sequences at the carboxyl terminus, such as KDEL (SEQ ID NO:30)and REDL 
(SEQ ID N0:3 1). See Siegall, et al, supra. In a preferred embodiment, the cytotoxic 
10 fi-agment of PE retains at least 50%, preferably 75%, more preferably at least 90%, and most 
preferably 95% of the cytotoxicity of native PE. In a particularly preferred embodiment, the 
cytotoxic firagment is more toxic than native PE. 

[167] PE employed in tiie present invention include the native sequence, cytotoxic 
fragments of the native sequence, and conservatively modified variants of native PE and its 
1 5 cytotoxic fragments. Cytotoxic fragments of PE include those which are cytotoxic with or 
without subsequent proteolytic or other processing in the target cell {e.g., as a protein or pre- 
protein). Cytotoxic firagments of PE known in the art include PE40, PE38, and PE35. 

[168] In preferred embodiments, the PE has been modified to reduce or eliminate non- 
specific cell binding, typically by deleting domain la, as taught in U.S. Patent 4,892,827, 
20 although this can also be achieved, for example, by mutating certain residues of domMn la. 
U.S. Patent 5,5 12,658, for instance, discloses that a mutated PE in which Domain la 
present but in which the basic residues of domain la at positions 57, 246, 247, and 249 are 
replaced with acidic residues (glutamic acid, or "E")) exhibits greatly diminished noa- 
specific cytotoxicity. This mutant form of PE is sometimes referred to as PE4E. j 

i 
r 

25 [169] PE40 is a truncated derivative of PE as previously described in the art, See,^ Pai, et 
al, Proc. Nat'lAcad, ScL USA 88:3358-62 (1991); and Kondo, etal.l Biol Chem. 
263:9470-9475 (1988). PE35 is a 35 kD carboxyl-terminal fragment of PE in which amino 
acid residues 1-279 have deleted and the molecule commences with a met at position 280 
followed by amino acids 281-364 and 381-613 of native PE. PE35 and PE40 are disclosed, 

30 for example, in U.S. Patents 5,602,095 and 4,892,827, 

[170] In some preferred embodiments, the cytotoxic fragment PE38 is employed. PE38 is 
a truncated PE pro-protein composed of amino acids 253-364 and 381-613 which is activated 
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to its cytotoxic form upon processing witiiin a cell (see e.g., U.S. Patent No. 5,608,039, and 
Pastan et al., Biochim. Biophys. Acta 1333:C1-C6 (1997)). 

[171] While in prefeired embodiments, the PE is PE4E, PE40, or PE38, any form of PE 
in which non-specific cytotoxicity has been eliminated or reduced to levels in which 
5 significant toxicity to non-targeted cells does not occur can be used in the inamunotoxins of 
the present invention so long as it remains capable of translocation and EF-2 ribosylation in a 
targeted cell. 

B. Conservatively Modified Variants of PE 
1 0 [1721 Conservatively modified variants of PE or cytotoxic firagments thereof have at least 
80% sequence similarity, preferably at least 85% sequence similarity, more preferably at least 
90% sequence similarity, and most preferably at least 95% sequence similarity at the amino 
acid level, with the PE of interest, such as PE38. 

[173] The term "conservatively modified variants" applies to both amino acid and nucleic 
1 5 acid sequences. With respect to particular nucleic acid sequences, conservatively modified 
variants refer to those nucleic acid sequences which encode identical or essentially identical 
amino acid sequences, or if the nucleic acid does not encode an amino acid sequence, to 
essentially identical nucleic acid sequences. Because of the degeneracy of the genetic code, a 
large number of functionally identical nucleic acids encode any given polypeptide. For 
20 instance, the codons GCA, GCC, GCG and GCU all encode the amino acid alanine, thus, at 
every position where an alanine is specified by a codon, the codon can be altered to any of 
the corresponding codons described without altering the encoded polypeptide. Such nucleic 
acid variations are "silent variations," which are one species of conservatively modified 
variations. Every nucleic acid sequence herein which encodes a polypeptide also describes 
25 every possible silent variation of the nucleic acid. One of skill will recognize that ea(5h codon 
in a nucleic acid (except AUG, which is ordinarily the only codon for methionine) can be 
modified to yield a functionally identical molecule. Accordingly, each silent variation of a 
nucleic acid which encodes a polypeptide is implicit in each described sequence. 

[174] As to amino acid sequences, one of skill will recognize that individual substitutions, 
30 deletions or additions to a nucleic acid, peptide, polypeptide, or protein sequence which 

alters, adds or deletes a single amino acid or a small percentage of amino acids in the encoded 
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sequence is a "conservatively modified variant" where the alteration results in the substitution 
of an amino acid with a chemically similar amino acid. 

C Assaying for Cytotoxicity of PE 

5 [175] Pseudomonas exotoxins employed in the invention can be assayed for the desired 
level of cytotoxicity by assays well known to those of skill in the art. Thus, cytotoxic 
jfragments of PE and conservatively modified variants of such fi-agments can be readily 
assayed for cytotoxicity. A large number of candidate PE molecules can be assayed 
simultaneously for cytotoxicity by methods well known in the art. For example, subgroups of 

10 the candidate molecules can be assayed for cytotoxicity. Positively reacting subgroups of the 
candidate molecules can be continually subdivided and reassayed until the desired cytotoxic 
fragment(s) is identified. Such methods allow rapid screening of large numbers of cytotoxic 
firagments or conservative variants of PE. 

15 PHARMACEUTICAL COMPOSmONS 

[1761 In another aspect, this mvention provides compositions that comprise an 
immunoconjugate of the invention and a pharmaceutically acceptable carrier. The 
composition may comprise, for example, a chimeric molecule comprising a targetmg 
molecule and a detector molecule to detect cells expressing CD30 or CD30 stalk. The 

20 compositions of this invention can be prepared in unit dosage forms for administratidi to a 
subject. The amount and timing of administration are at the discretion of the treatmg^ 
physician to achieve the desired purposes. 

[1771 In an especially preferred group of embodiments, the compositions of the invention 
are antibody and/or immunoconjugate compositions of this invention (/.e., PE linked to an 
25 anti- CD30 or CD30 stalk antibody). These compositions are particularly suited for 
parenteral administration, such as intravenous administration. 

[178] The compositions for administration will commonly comprise a solution of the 
antibody and/or immunoconjugate dissolved in a pharmaceutically acceptable carrier, 
preferably an aqueous carrier. A variety of aqueous carriers can be used, e.g., buffered saline 
30 and the like. These solutions are sterile and generally free of undesirable matter. These 
compositions may be sterilized by conventional, well known sterilization techniques. The 
compositions may contain phamiaceutically acceptable auxiliary substances as required to 
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approximate physiological conditions such as pH adjusting and buffering agents, toxicity 
adjusting agents and the like, for example, sodium acetate, sodium chloride, potassium 
chloride, calcium chloride, sodium lactate and the like. The concentration of fusion protein 
in these formulations can vary widely, and will be selected primarily based on fluid volumes, 
5 viscosities, body weight and the like in accordance with the particular mode of administration 
selected and the patient's needs. 

[179] Thus, a typical pharmaceutical immunotoxin composition of the present invention 
for intravenous administration would be about 0.1 to 10 mg per patient per day. Dosages 
from 0. 1 up to about 1 00 mg per patient per day may be used, particularly if the drug is 
10 administered to a secluded site and not mto the circulatory or lymph system, such as into a 
body cavity or into a lumen of an organ. Actual methods for preparing administrable 
compositions will be known or apparent to those skilled in the art and are described in more 
detail in such publications as REMINGTON'S PHARMACEUTICAL SCIENCE,. 1 9th ED., Mack 
Publishmg Company, Easton, Peimsylvania (1995). 

1 5 [180] In another embddiment, intact anti-CD30 antibodies are administered to induce 
complement-dependent cytotoxicity of CD30+ cells. In this embodiment, the antibodies 
administered are preferably T420, T427, T405, and T408. Conveniently, antibodies may be 
provided in lyopliilized form and rehydrated with sterile water before administration, 
although they are also provided in sterile solutions of known concentration. The antibody 

20 solution is then added to an infusion bag containing 0.9% Sodium Chloride, USP, an^ 
typically administered at a dosage of from 0.5 to 15 mg/kg of body weight. Considerlble 
experience is available in the art in the administration of antibody drugs, which have l^een 
marketed in the U.S. smce the approval of Rituxan® in 1997. Antibody drugs are desirably 
administered by slow infusion, rather than in an IV push or bolus. Typically, a higheii 

25 loading dose is administered, with subsequent, maintenance doses being administered^at a 
lower level. For example, an initial loading dose of 4 mg/kg may be infused over a period of 
some 90 minutes, followed by weekly maintenance doses for 4-8 weeks of 2 mg/kg infused 
over a 30 minute period if the previous dose was well tolerated. 

[181] The compositions of the present invention can be administered to slow or inhibit the 
30 growth of cells of CD30-expressing cancers. In these applications, compositions are 

administered to a patient suffering from a disease, in an amount sufficient to inhibit growth of 
CD30- expressing cells. An amoiuit adequate to accomplish this is defmed as a 
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'therapeutically effective dose." Amounts effective for tiiis use will depend upon the severity 
of the disease and the general state of the patient's health. An effective amount of the 
compound is that which provides either subjective relief of a symptom(s) or an objectively 
identifiable improvement as noted by the clinician or other qualified obsorver. 

5 [182] Single or multiple administrations of the compositions are adihinistered depending 
on the dosage and frequency as required and tolerated by the patient In any event, the 
composition should provide a sufiBcient quantity of the immimotoxins or antibodies of this 
invention to effectively treat the patient. Preferably, the dosage is administered once but may 
be applied periodically until either a therapeutic result is achieved or until side effects warrant 
10 discontinuation of therapy. Generally, the dose is sufficient to treat or ameliorate symptoms 
or signs of disease without producing unacceptable toxicity to the patient. 

[183] Controlled release parenteral formulations of flie immunoconjugate compositions of 
the present invention can be made as implants, oily injections, or as particulate systems. For 
a broad overview of protein delivery systems see, Banga, A J., THERAPEUTIC PEPTIDES AND 

1 5 Proteins : Formulation, Processing, and Delivery Systems, Technomic Publishing 
Company, Inc., Lancaster, PA, (1995) incorporated herein by reference. Particulate systems 
include microspheres, microparticles, microcapsules, nanocapsules, nanospheres, and 
nanoparticles. Microcapsules contain the therapeutic protein, such as a cytotoxin or a drug, 
as a central core. In microspheres the therapeutic is dispersed throughout the particle., 

20 Particles, microspheres, and microcapsules smaller than about 1 ^im are generally referred to 
as nanoparticles, nanospheres, and nanocapsules, respectively. Capillaries have a diameter of 
approximately 5 fim so that only nanoparticles are administered intravenously. 
Microparticles are typically around 100 ^im in diameter and are administered subcutaneously 
or intramuscularly. See, e.g., Kreuter, J., Colloidal DRUG Delivery Systems, J. Krjeuter, 

25 ed., Marcel Dekker, Inc., New York, NY, pp. 219-342 (1994); and Tice & Tabibi, Treatise 
ON Controlled Drug Delivery, A. Kydonieus, ed., Marcel Dekker, Inc. New York, NY, 
pp. 3 1 5-339, (1 992) both of which are incorporated herein by reference. 

[184] Polymers can be used for ion-controlled release of immunoconjugate compositions 
of the present invention. Various degradable and nondegi-adable polymeric matrices for use 
30 in controlled drug delivery are known in the art (Langer, R., Accounts Chem. Res, 26:537-542 
(1993)). For example, the block copolymer, polaxamer 407, exists as a viscous yet mobile 
liquid at low temperatures but forms a semisolid gel at body temperature. It has shown to be 
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an effective vehicle for formulation and sustained delivery of recombinant interleukin-2 and 
urease (Johnston, et al, Pliarm, Res, 9:425-434 (1992); and Pec, et al, J. Parent. Sci Tech 
44(2):58-65 (1990)). Alternatively, hydroxyapatite has been used as a microcarrier for 
controlled release of proteins (Ijntema, al, M. J. Phann, 112:215-224 (1994)). In yet 

5 another aspect, liposomes are used for controlled release as well as drug targeting of the lipid- 
capsulated drug (Betageri, et al, LIPOSOME DRUG Delivery Systems, Technomic Publishing 
Co., Inc., Lancaster, PA (1993)). Numerous additional systems for controlled delivery of 
therapeutic proteins are known. See, e.g., U.S. Pat. No. 5,055,303, 5,188,837, 4,235,871, 
4,501,728, 4,837,028 4,957,735 and 5,019,369, 5,055,303; 5,514,670; 5,413,797; 5,268,164; 

10 5,004,697; 4,902,505; 5,506,206, 5,271,961; 5,254,342 and 5,534,496, each of which is 
mcorporated herein by reference. 

[185] Among various uses of the hnmunotoxins and antibodies of the present invention 
are included a variety of disease conditions caused by specific human cells that may be 
eliminated by the toxic action of the fosion protein. One preferred application for the 
1 5 immunotoxins and antibodies of the invention is the treatment of malignant cells expressing 
CD30. 

DIAGNOSTIC KITS AND IN J^TRO USES 

[186] In another embodiment, this invention provides for kits for the detection of CD30 or 

20 an immunoreactive fragment thereof, (i.e., collectively, a "CD30 protein") in a biolo^cal 

i 

sample. A "biological sample" as used herein is a sample of biological tissue or fluid that 
contains CD30. Such samples include, but are not limited to, tissue from biopsy, bload, and 
blood cells white cells). Preferably, the cells are lymphocytes. Biological sampjes also 
include sections of tissues, such as frozen sections taken for histological purposes. A| 

i 

25 biological sample is typically obtained fi-om a multicellular eukaryote, preferably a mammal 
such as rat, mouse, cow, dog, guinea pig, or rabbit, and more preferably a primate, such as a 
macaque, chimpanzee, or human. Most preferably, the sample is from a himian. 

(187] Kits will typically comprise an anti-CD30 antibody of the present invention. Li 
some embodiments, the anti-CD30 antibody will be an anti-CD30 Fv Augment, such as a 
30 scFv or dsFv fragment, although intact antibodies may be used for some purposes. 

[188] In addition the kits will typically include instructional materials disclosing means of 
use of an antibody of the present invention (e.g. for detection of mesothelial cells in a 
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sample). Hie kits may also include additional components to facilitate the particular 
application for which the kit is designed Thus, for example, the kit may additionally contain 
means of detecting the label (e.g. enzyme substrates for enzymatic labels, filter sets to detect 
fluorescent labels, appropriate secondary labels such as a sheep anti-mouse-HRP, or the like). 
5 Hie kits may additionally include buffers and other reagents routinely used for the practice of 
a particular method. Such kits and appropriate contents are well known to those of skill in 
the art. 

[189] In one embodiment of the present invention, the diagnostic kit comprises an 
immunoassay. As described above, although the details of the immunoassays of the present 
10 invention may vary with the particular format employed, the method of detecting CD30 in a 
biological sample generally comprises the steps of contacting the biological sample with an 
antibody of the present invention which specifically reacts, under immunologically reactive 
conditions, to CD30. The antibody is allowed to bind to CD30 under immunologically 
reactive conditions, and tiie presence of the bound antibody is detected directly or indirectly. 

15 [190] Due to the increased afFinitj' of the antibodies of the invention, the antibodies will 
be especially useful as diagnostic agents and in in vitro assays to detect the presence of CD30 
in biological samples. For example, the antibodies taught herein can be used as the targeting 
moieties of immunoconjugates in immunohistochemical assays to determine whether a 
sample contains cells expressing CD30. Detection of CD30 in lymphocytes would indicate 

20 either that the patient has a cancer characterized by the presence of CD30-expressing,l^ells, or 
that a treatment for such a cancer has not yet been successful at emdicating the cancel 

[191J In another set of uses for the invention, immunotoxins targeted by antibodies of the 
invention can be used to purge targeted cells from a population of cells in a culture. Thus, for 
example, cells cultured from a patient having a cancer expressing CD30 can be purged of 
25 cancer cells by contacting the culture with immxmotoxins which use the antibodies ofjthe 
invention as a targeting moiety. 

DETECTABLE LABELS 

[192] Antibodies of the present invention may optionally be covalentiy or non-covalently 
30 linked to a detectable label. Detectable labels suitable for such use include any composition 
detectable by spectroscopic, photochemical, biochemical, immunochemical, electrical, optical 
or chemical means. Useful labels in the present invention include magnetic beads (e,g. 
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DYNABEADS), fluorescent dyes (e.g., fluorescein isothiocyanate, Texas red, rhodamine, 
green fluorescent protein, and the like), radiolabels (e.g., ^H, ^^I, ^^S, *^C, or ^^P), enzymes 
(e.g., horse radish peroxidase, alkaline phosphatase and others conunonly used in an ELISA), 
and colorimetric labels such as colloidal gold or colored glass or plastic (e.g. polystyrene, 
polypropylene, latex, etc.) beads. 

[193] Means of detecting such labels are well known to those of skill m the art. Thus, for 
example, radiolabels may be detected using photographic fihn or scmtillation counters, 
fluorescent markers may be detected using a photodetector to detect emitted illumination. 
Enzymatic labels are typically detected by providing the enzyme with a substrate and 
detecting the reaction product produced by the action of the enzyme on the substrate, and 
colorimetric labels are detected by simply visualizing the colored label. 



i 
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EXAMPLES 

[194] The following examples are offered to illustrate, but not to limit the claimed 
invention. 

5 Example 1 

[195] This Example sets forth the materials and methods used in the studies reported in 
the next Example. 

[196] Cells. All cells were cultured in Iscove's modified Dulbeccos' medium (GIBCO 
BRL, Gaithersburg, MD) supplemented with 10% fetal bovme serum (FBS); 13 human cell 

10 lines were used in the studies reported m Example 2. A431-CD30 (Rozmiuller et al., Int. J. 
Cancer, 92:861-870 (2001) ("Rozemuller 2001")) and ATac-4 cells (Kreitman et al.. Blood, 
■ 83:426-434 (1994)) are stable transformants of A43 1 cells that express CD30 and CD25 on 
the cell surface, respectively. L540, L428, L591 (from Dr. C. S. Duckett, NIH) and KM-H2 
(from Dr. C. S. Duckett,^NIH) were cell lines established from HL. KARPAS-299, SR-786, 

1 5 SUDHL- 1 , and SUP-M2 were ALCL-derived cell lines available from the German Collection 
of Microorganisms and Cell Cultures (DSMZ, Braunschweig, Germany). HUT102W and 
SIT are HTLV-I-positive adult T-cell leukemia cell lines (from Dr. N. Alima, Kagoshima 
University, Japan). DEL (from DSMZ) cells were originated from malignant histocytosis. 

[197] Recombinant CD30s. Recombinant soluble CD30 (sCD30) was producedjn 
20 E. coli BL2 1 (X.DE3) containing pHR30HNB, a plasmid encoding the extracellular detain of 
human CD.30 with His-tag at the C-terminus, as described previously (Rozemuller 2001). 

[198] The extracellular domain of CD30 was expressed as a ftision protein with hitman 
IgG Fc in transfected 293T cells. The DNA fragment encoding human IgG Fc was apiplified 
by PGR using a Ret-Fc plasmid (provided by Dr. M. Billaud, CNRS, France) as the template 

25 and inserted between NotI and Xbal sites of pCDNAl . 1 (Stratagene, La Jolla, CA). The 

cDNA for the extracellular domain of CD30 containing its signal peptide (Rozemuller 2001) 
was inserted between the NotI and EcoRI to obtain the plasmid pRB-2kl -CD30. The 
plasmid was transfected into 293T cells by lipofectamine reagent (Life Technologies, 
Rockville, MD), and the CD30-Fc protein harvested from the culture supernatant and purified 

30 with Hi-Trap protein A column (Amersham Pharmacia Biotech, Piscataway, NJ). 
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[199] Production of Anti-CD30 MAbs. Female Balb/c mice (6 weeks old) were 
immunized intradennally twice with 15 of pHRm30c, a plasmid encoding fuU-length of 
human CD30 under control of cytomegalovirus promoter (Rozemuller 2001; Chowdhury et 
al., Proc. Natl. Acad. Sci. U.S.A., 95:669-674 (1998)). The DNA immunizations were 

5 followed by three or four i.v. injections of 50 ^g of sCDBO protein with two weeks intervals. 
Three days after tiie last boost, spleen cells were taken and fused with SP2/0 mouse myeloma 
cells as described (Nagata et al., Hybridoma, 10:369-378 (1991)). Culture supematants of 
growing hybridomas were tested for the production of anti-CD30 MAbs by an enzyme-linked 
immunosorbent assay (ELISA) described below. Cloning of the specific hybridomas, MAb 

1 0 purification from the culture supematants and biotinylation of purified MAb were performed 
as described (Nagata et al., Arch. Virol, 127:153-168 (1992)). Isotype of the MAbs was 
determined by a mouse MAb isotyping kit (Zymed, South San Francisco, CA). 
Immunoglobulin concentrations in the culture supematants were determined by a sandwich 
ELISA as described previously (Nagata et al., Hybridoma, 10:369-378 (1991)). The HeFi-I 

1 5 hybridoma producing anti-CD30 MAb (Hecht et al., J. Immuml , 134: 423 1 -4236 (1 985)) 
was obtained from the National Cancer Institute, Frederick Cancer Research and. 
Development Center, Biological Resources Branch, Frederick, MD. 

[200] Cloning of VH and VL of MAbs. Total cellular RNA was isolated from lO' 
hybridoma cells using a RNA extraction kit (Amersham Pharmacia Biotech, Uppsala, 

20 Sweden). VH and VL cDNAs of the MAbs were obtained by a rapid amplification oj cDNA 
ends (RACE) method using SMART RACE cDNA amplification kit (Clontech, Palo^to, 
CA). In brief, adaptor-ligated cDNA was generated from 5 ng of the RNA using Sup^srscript 
II reverse transcriptase (GIBCO BRL) witii 10 pmol of 3' end primers designed for each 
chain of Ig (k, yl, Y2b) to anneal each constant region sequence i 

25 (GACTGAGGCACCTCCAGATGTTAA (SEQ ID NO:32) for k, [ 
CAGGGTCACCATGGAGTTAGTTTG (SEQ ID NO:33) for yl , and 
TCCAGAGTTCCAAGTCACAGTCAC (SEQ ID NO:34) for y2b chain). The primers 
covered tiie all of the constant region sequences registered in tiie Kabat database (available 
online by entering "http ://" followed by "immuno.bme.nwu.edu/") (Johnson, G. and Wu, T. 

30 T, Nucleic Acids Res. , 29: 205-206 (200 1)). The prepared cDNAs were used as the template 
for PCR reactions between 5' end primer that binds to the adaptor sequence and Ig subclass- 
specific 3' end primer whose sequences is located on the upstream of the primers for cDNA 
synthesis (GGATGGTGGGAAGATGGATACAGTTGGTGCAGC (SEQ ID NO:35) for k, 
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AGGGGCCAGTGGATAGACAGATGGGGGTGT (SEQ ID NO:36) for yl, and 
AGGGGCCAGTGGATAGACTGATGGGGGTGT (SEQ ID NO:37) for y2h chain). The 
PGR products were cloned into pCR2. 1-TOPO vector using TOPO TA cloning kit ' 
(Invitorogen, San Diego, CA). At least 3 independent clones for each chain were sequenced 
5 to exclude the possibility of PGR error. The obtained sequences were aligned according to 
the Kabat alignment scheme (Kabat et al., Sequences of Protems of Immunological Interest, 
5th ed. U.S. Department of Health and Human Services, Public Health Service, National 
Institute of Health (1991)); see also Kabat database, supra. 

[201] Construction of Plasmids for dsFv-PE38 Immunotoxins. Two plasmids were 

10 constructed for each dsFv-immunotoxin: one encoded a Vl chain with a cysteine mutation at 
residue 100 (according to the Kabat numbering) and the other encoded a Vh chain-PE38 
fusion protein with a cysteine mutation at position 44 of the Vh (Reiter et al, Nat. 
Biotechnol, 14:1239-1245 (1996)). To make the Vl construct, each Vl was PCR-amplified 
using a 5' primer, introducing an Nde I site and a 3' primer, introducing an EcoRI site and 

1 5 mutatmg residue 1 00 to cysteme. Vh fragments containing cysteine mutation at residue 44 
were made by a spUcing overlap extension PGR method (Ho et aL, Gene, 77:5 1-59 (1989)). 
Both strands of oligo DNA around residue 44 were synthesized to introduce cysteine at this 
position. 5' and 3' end primers were designed to introduce an Nde I site containing an ATG 
initiation codon and a Hind III site that code an additional lysine or glutamme, respectively. 

20 Two truncated VH fragments were amplified using one of the two oligos containmg tl^e 
mutation with the 5' or 3' terminal primer. These two fragments were combined in a^* 
subsequent assembly reaction in which the overlapped ends of each fragment anneal md 
extend. The final fuU-lengfh DNA of Vh was amplified by another PGR using the 5' ^d 3' 
end primers. The V^Cys) and VH(Cys) PGR products were digested with Nde I and either 

25 EcoRI or Hind HI and were cloned into a T7 based expression vector pRB98Amp (or|ginated 
fi-om pULI7, Brinkmann et al., Proc. Natl. Acad. Sci. U.S.A., 88:8616-8620 (1991)) that 
encodes the connector and PES 8 between Hind HI and EcoRI sites. The correct construction 
of the plasmids was confirmed by DNA sequencing. 

[202] Production and Purification of Recombinant dsFv-immunotoxins. Disulfide- 
30 linked immunotoxins were produced by refolding of inclusion body protein as described 

previously (Brinkmann et al., Proc. Natl. Acad. Sci. U.S.A., 90:7538-7542 (1993); Buchner et 
al., J Anal. Biochent, 205:263-270 (1992)). The plasmids encoding VL(Gys) and VH(Gys)- 
PE38 were separately transfected into E. coli BL21(A,DE3). The bacterial cultures were 
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induced for the protein expression in the exponential growth phase with ImM IPTG for 2 h. 
The recombinant proteins accumulated as insoluble inclusion bodies and were isolated firam 
lysed bacteria cells by centrifugation. These inclusion bodies contained the recombinant 
protein in over 70% purity, but in an inactive form that requires refolding to an active form. 

5 The inclusion bodies were completely solubilized in 6M guanidine hydrochloride, and then 
reduced with dithioerythritol. The solubilized reduced proteins of VL(Cys) and VH(Cys)- 
PE38 were combined in an 2: 1 molar ratio and refolded by 1 : 100 dilution into refolding 
solution containing redox shuffling and aggregation-preventing additives (oxidized and 
reduced glutathione, and L-arginine). After the refolding, guanidine hydrochloride in the 

1 0 solution was removed by a dialysis against a Tris buffer containing 0. 1 M urea. The refolded 
active protein was then separated from contanainating bacterial proteins and from improperly 
folded protein by anion exchange chromatography using Q-Sepharose and Mono-Q 
(Amersham Pharmacia Biotech) and by size exclusion chromatography (TSK3000, TOSOH, 
Japan). The proteins were analyzed by sodium dodecyl sulfate polyacrylamide gel 

15 electrophoresis (SDS-PAGE) under reducing and non-reducing conditions. Protein 
concentrations of the purified immunotoxins were determined by a Bradford assay 
(Coomassie Plus; Pierce, Rockford, XL) with bovine serum albumin as the standard. 

[203] ELISA, The binding of anti-CD30 MAbs to sCDBO and CD30-Fc was assayed by 

indirect ELISAs. Microtiter plates (Costar, Cambridge, MA) were coated with 20 ng/well of 

20 sCD30 or CD30-Fc in PBS overnight at 4°C. After blocking with 0.5% of BSA m P]^S, 

hybridoma supernatants or purified MAbs were added to the coated wells and incuba^d for 

2 h at room temperature. The bound MAbs were detected with alkaline phosphatase <^ALP)- 

t' 

labeled anti-mouse IgG (BioSource, Camarillo, CA) and p-nitrophenyl phosphate as the 
substrate. \ 

25 [204] FACS Analysis. FACS analysis was performed to measure tlie binding of the 

MAbs or immunotoxins to native CD30 expressed on various cell lines. In a typical protocol 
for staining with MAb, 2x10^ cells were incubated with appropriate dilution of the MAbs m 
100 [il of PBS containing 5% FBS and 0.1 % sodium azide. After incubation for 1 h at 4*^0, 
the cells were washed twice with the same buffer and incubated with FITC-labeled goat 

30 mouse IgG (BioSource). After washing, the cells were suspended in 1 ml of the buffer, and 
the fluorescence associated with the hve cells was measured using a FACS Calibur flow 
cytometer (Beckman Coulter, Fullerton, CA). For controls, anti-CD30 MAbs HeFi-I, Ber-H2 
(DAKO, Glostrup, Deiunark) and HRS-4 (Biodesign Int., Kennbunk, ME) were used. 
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[205] For cell staining using irmnimotoxins, an anti-PE rabbit polyclonal antibody (our 
laboratory) and R-phycoerythrin-labeled anti-rabbit IgG (BioSource) were used as the 
detection reagents. 

[206] A competitive FACS assay was carried out to classify the epitopes recognized by 
5 the anti-CD30 MAbs. The CD30-positive cells were incubated with 50 ng/ml of various 
biotinylated MAbs in the presence of serial dilution of various unlabeled MAbs. R- 
phycoerythrin-conjugated streptavidm (Jackson, West GroVe, PA) was used for the detection " 
of the biotinylated MAbs bound to cells. 

[207] Surface Plasmon Resonance Assay. The affinity of the dsFv immunotoxins to 
10 sCD30 was determined by surface plasmon resonance using BIAcore (Biacore, Piscataway, 
NJ). An appropriate amount (500 resonance units) of sCDSO was immobilized onto the 
biosensor chip, CMS (Biacore). On and off rates of immunotoxins were measured in PBS by 
injecting 25 i^g/ml of each immunotoxin over the chip surface for 5 minutes and then 
allowing the bound material to dissociate for 5 minutes by flowing only the buffer solution 
1 5 over the chip. Binding kinetics was analyzed usmg BIAevaluation 2. 1 software. 

[208] Cytotoxicity Assay. Cytotoxic activities were assayed by the inhibition of cellular 
protein synthesis measured by ^H-leucine uptake by the cells (RozemuUer et aL, Int. J, 
Cancer, 92:861-870 (2001)). Cells were seeded into 96-well plates at a concentration of 2.0 x 
10"^ of cells/well and incubated for 24 h (attached cells) or 1 h (suspension cells). Th^ 

20 immunotoxins diluted in the culture medium were added to the cells, resulting in fin^ 

concentrations ranging from 0.01 to 1000 ng/ml. In some experiments, MAbs were aUded 
together with the immunotoxin as the competitors. As positive controls, anti-Tac(dsFv)- 
PE38 (Reiter et al.. Int. J. Cancer, 58:142-149 (1994)) and anti-TFR(Fv)-PE40 (Batra et al., 
Mol. Cell Biol., 11:2200-2205 (1991)) were used. After incubation for 24 h, 2 ^Ci o^^H- 

25 leucine (Amersham Pharmacia Biotech) was added per well and incubated for 2-5 h. iThe 
cells were then frozen and thawed and harvested onto glass filters using a cell harvester 
(Tomtec, Hamden, CT). The radioactivity associated with the cells was determined in an 
automated scintillation counter (1205 Betaplate, Wallac, Gaithersburg, MD). 

30 Example 2 

[209] This Example reports the results of studies conducted using antibodies developed 
using the materials and methods of Example 1. 
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[210] Production of Anti-CDSO MAbs« It has previously been reported that 
immunization of different strains of mice with a full-length human CD30 cDNA under the 
control of cytomegalovirus promoter induced extremely high anti-serum titers to the 
extracellular domain of CD30 (>10^ by ELISA) (RozemuUer 2001). In this study, DNA- 
5 immunization v^as followed by 3-4 additional injections of recombinant sCD30 protein 

produced in E, coli (the extracellular domain of CD30 with His-tag on its C-terminus). Mice 
showing a good response to the protein boost reflected in the anti-CD30 serum titer were 
used for the production of MAbs. Three cell fiision experiments yielded a total or 6 specific 
hybridomas that secreted anti-CD30 MAbs in the culture medium. All of the MAbs reacted 
10 to sCD30 or CD30-Fc coated on plates by ELISA. 

[211] . Characterization of Anti-CD30 MAbs. The characteristics of the six MAbs are 
summarized in Table 1. Sbc antibodies were obtained: five IgGl and one IgG2b. In ELISA, 
all of the MAbs showed ahnost the same level of reactivity to sCD30 and CD30-Fc compared 
to the control MAbs (HeFi-I, Ber-H2 and HRS-4). The bmding activity of the MAbs to 
15 native CD30 on cells was^measured. A FAGS analysis showed that all MAbs bound to native 
CD30 expressed on two CD30-positive HL cell lines, L428 and L540, with apparent affmities 
ranging 28-1 80% of the control (HeFi-I). 

[212] These MAbs were further characterized for their topographical epitopes by a 
conipetitive binding assay using FACS analysis. Three previously known anti-CD30 MAb 

20 (HeFi-I, HRS-4 and Ber-H2) were included in this assay as controls. Some of the Mijjbs 
were biotinylated as the indicators and incubated with L540 cells in the presence of various 
concentrations of imlabeled MAbs as the competitors. The bindmg of all the biotinylated . 
MAbs was competed by unlabeled homologous MAb in a dose-dependent manner. Also, 
inhibitory effects of heterologous MAbs were seen in some combinations with the | 

25 biotinylated MAbs. The data of the mhibitory effects of 50-fold excess amounts of unlabeled 
MAbs are summarized in Table 2. 

[213] The epitopes of the anti-CD30 MAbs could be classified mto two groups (I and H), 
Group I comprises Ber-H2, HRS-4, T6, T13, T14 and T21. All of the MAbs in this group 
inhibited the binding of biotinylated T14, suggesting that their epitopes are spatially close to 
30 each other to make a cluster. Also, none of the MAbs of group I inhibited the binding of 
group n MAbs, indicating that the epitopes of group I MAbs were separated from those of 
group n MAbs. Two MAbs of group I (T14 and T21) did not mhibit the binding of 
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biotinylated HRS-4 and T6, whereas the rest of the group I MAbs (Ber-H2, HRS-4, T6 and 
T13) did. From these results, group I could be divided into two subgroups (I-a and I-b). The 
epitopes of the rest of the MAbs (HeFi-I, T24 and T25) were of group II since T24 MAb 
inhibited the binding of all the biotmylated MAbs assigned in this group. HeFi-I and T25 
5 MAbs showed no inhibition on the binding of any heterologous MAbs m group II, suggesting 
that the location of the epitopes of these MAbs are not exactly the same as that of T24. 
Group II, therefore, was divided into three subgroups (Il-a, Il-b and II-c). 

[214] Cloning of cDNAs of the VH and VL Domain of the Anti-CD30 MAbs. We 

attempted to clone all Fvs of the MAbs to construct recombinant immunotoxms. VH and VL 
1 0 cDNAs were isolated from the hybridomas by a RACE method as described in Example I. 
All variable domains were cloned except VH of T21 . The deduced amino acid sequences of 
VH and VL are shown in Fig. 2, One set of xmique VH and VL cDNAs was obtained from 
each hybridoma except for T14; two VLs were isolated from T14. These sequences were 
different from those of the previous anti-CD30 Fvs reported. An aberrant VL sequence 
15 derived from SP2/0 myeloma cells (Canroll et al., Mol Immunol, 25:991-995 (1988)) was 
obtained from hybridomas T13 and T14. Sequence analysis using the database of germ line 
genes (Ig blast, found online by entering "http://www." followed by 

"ncbi.nlm.nili.gov/igblast/") revealed that all VH and VL amino acids sequences were derived 
from different germ line V genes with a similarity of 83-98%. 

20 [215] Production of Anti-CD30 dsFv-based Immunotoxins. The disulfide-luik^d 
immunotoxins consist of VH-PE38 and VL chains that are covalently linked during \ . 
renaturation through a single key residue in each chain that has been mutated to cysteine. 
Based on predictions using molecular model and empirical data with other dsFv recombmant 
immunotoxins (Reiter et al, Nat Biotechnol, 14:1239-1245 (1996); Brinkmann et al-, Proc. 

25 Natl Acad Set U.S.A. 90:7538-7542 (1993); Reiter et al., 1 Biol Chem., 269:183271x833 1 
(1994); Reiter et al., Int J. Cancer, 67:113-123 (1996)), one amino acid was chosen in each 
chain to mutate to cysteine.^ These are residue 44 of the VH and residue 100 of the VL (as 
numbered according to Kabat). 

[216] The VL(Cys) and VH(Cys)-PE38 were expressed in E. coli xmder control of the T7 
30 promoter and harvested as inclusion bodies. The unmunotoxms were refolded and purified as 
described m Example 1. The recovery of the inclusion body protein and purified 
immunotoxin protein are shown in Table 3 . Four unmunotoxins were obtained, based on 
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Fvs of T6, T14-A (using T14-VL-A), T24 and T25. Upon SDS-PAGE, all immunotoxins 
migrated as single bands with the expected molecular weight (63kDa) in a non-reducing gel 
Under reducing conditions, each band separated into two bands, which correspond to VL and 
VH-PE38. This indicates that all dsFv immunotoxins were properly formed. 

5 [217] Specific Binding of the Anti-CD30 dsFv-immunotoxins to CD30 Molecules. 

The specific binding of the dsFv immunotoxins to CD30 on the cell surface was determined 
by FACS analysis. L540 cells expressing CD30 were stained by T6, T14-A, T24 and T25 
dsFv-PE38 in a dose dependent manner, whereas no binding was detected on CD30-negative 
control cells, SP2/0. The relative reactivities estimated by the staining levels varied. T6 and 

10 T25 were the strongest bmders. T24 and T14-A showed moderate and low levels of binding, 
respectively. In the same experiment, an immunotoxin reacting with the tranferrin receptor 
(HB21(scFv)-PE40) used as a positive control, bound to the cells, and a negative control, 
anti-mesothelin SSl(dsFv)-PE38, did not. The binding of the anti-CD30 unmunotoxins was 
inhibited by flie addition of firee CD30-Fc to the reaction, but the binding of the anti- 

1 5 transferrin immunotoxin^Was not affected. These results indicate that the Fv portions of the 
four different anti-CD30 dsFv-PE38s specifically bmd to CD30 molecules on the target cells, 
with a variety of affinities. 

[218] The binding characteristics of tlie immunotoxins were analyzed by surface plasmon 
resonance usmg BIAcore. Table 4 shows the binding parameters determined firom the 

20 sensorgrams of each immunotoxin where sCD30 was immobilized on the sensor chipl AU 
anti-CD30 dsFv immunotoxins exhibited significant affinities to CD30, wliich varied|over a 
100-fold range. T6(dsFv)-PE38 and T25(dsFv)-PE38 exhibited stronger binding thaii the 
others, with Kds of 22 nM and 4 nM, respectively. The affinity of T25(dsFv)-PE38 was 
comparable to that of the bivalent HeFi-I MAb and about 10-fold better than that of • 

25 CL2(scFv)-PE38. I 

[219] Cytotoxicity of the Anti-C3)30 dsFv-immunotoxins. We initially evaluated the 
specific cytotoxicity of the anti-CD30 dsFv-immunotoxins using A43 1 cells stably 
transfected with a CD30 expressing plasmid. T6 and T25(dsFv)-PE38 specifically killed the 
CD30-expressing A43 1 cells with IC50 values of 0.5 and 0.3 ng/ml, respectively. These two 
30 immunotoxins were more effective than CR2(scFv)-PE3 8 (ICso = 2.5 ng/ml). T24(dsFv)- 
PE38 was slightly cytotoxic (IC50 = 20 ng/ml) and T14-A(dsFv)-PE38 was non-toxic. None 
of the anti-CD30 immunotoxins exhibited cytotoxicity to the control cells (ATAC4), which 
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express CD25. Both the A43 1/CD30 and the A43 1/CD25 cells can be killed by a positive 
control immunotoxin, HB21(scFv)-PE40, to the same extent, suggesting these cells have 



similar susceptibilities to PE. . 

[220] Effect of the Immunotoxins on a Panel of Cancer Cells. The effects of the anti- 
5 CD30 immunotoxins on various human CD30-positive cell lines from several different 
sources, which included Hodgkin's disease, ALCL, adult T-cell leukemia and others were 
examined. The expression level of CD30 on these cells was roughly estimated by a FAGS 
analysis to see their relationship with the susceptibility to anti-CD30 immunotoxins. As 
shown in Table 5, the immunotoxins were effective on ahnost all the CD30-positive cell 
10 lines. The IC50S varied over a 100-fold range depending on the cells and the immunotoxins. 
There was almost no correlation between the IC50 values and the expression level of CD30 on 
the cells. On some cell lines, the IC50S of T6 and T25(dsFv)-PE38 were 10 ng/ml or less, 
which is comparable to the activities of other dsFv-immunotoxins established for clinical use. 

[221] The specificity of the cytotoxicity of the T6 and T25 immunotoxins was confirmed 
15 by a competition assay using the original MAbs, Because the epitopes of T6 and T25 were 
topographically separated as shown in Table 2, both of the MAbs were used as the 
competitors. A43 1/CD30 and three cell lines that were susceptible to tlie unmunotoxins were 
incubated with various concentrations of competitors and a concentration of T6 or T25 
immunotoxin that was 3-fold higher than their IC50S. On all the cells, the cytotoxicity of the 
20 T6 and T25 immunotoxin was inhibited only by their parental MAb. This result shows that 



25 Example 3 i 
[222] This Example discusses the results of the studies reported in Examples 1 and 2. 

[223] In this study, four anti-CD30 dsFv-based recombinant immunotoxins were produced 



immunotoxins showed particularly strong cytotoxic activity to CD30-positive cells. These 
30 two immunotoxins recognized two different epitopes on the CD30 molecule and both showed 
a relatively high affinity to CD30, suggesting that the affinity is an important factor in 
determining the efiScacy of these anti-CD30 immunotoxins. Because these immunotoxins 



the unmunotoxins retained the same binding specificity as the parent MAb and their * 
cytotoxic activities on various CD30-positive cancer cells depends on their specific bJnding 
to the proper epitope. : 




whose Fvs originated from newly produced anti-CD30 MAbs. Two of the four 
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showed specific cytotoxicity against a wide range of CD30-positive cancer ceU lines, they are 
expected to be useM agents for the treatment of CD30-positive hematologic malignancies. 

(2241 Production and Characterization of Anti-CD30 MAbs. Various Fvs were 
isolated to test their suitability for making recombinant immunotoxins. hi a previous study, 
specific scFvs for CD30 were isolated by panning scFv-displaying phage libraries made firom 
the spleen cells of DNA-umnunized mice (RozemuUer et al., Int. J. Cancer, 92:861-870 
(2001)). This approach made it possible to obviate the burden of making specific hybridomas 
and of cloning of the Fv gene firom the hybridoma. Unfortunately the number of different 
Fvs obtained by this method was limited. This was probably due to the protocol used for 
PGR ampUfication of Fv genes, which could have lead to a biased library. In addition, the 
selection and enrichment steps could affect the Fvs obtamed. Thus, the hybridoma technique 
was used to obtain a variety of different Fvs. 

[225] The new anti-CD3 0 MAbs were characterized for their binding to cells expressing 
CD30 and for their topographical epitopes. Previously, we have concentrated on finding Fvs 
of high affinity and have not been concerned about tlie epitopes recognized by these Fvs. 
Binding of a Fv to a special epitope on the surface antigen, however, might affect various 
biological events such as antigen sheddmg, intemaUzation, and signal transduction, hi the 
case of CD30, there is evidence that the abiUty of an anti-CD30 MAb, BCi-4, to inhibit 
shedding of CD30 may explam the relatively high activity of the immunotoxm produ9ed with 
this antibody (Klimka et al., Br. J. Cancer, 80:1214-1222 (1999); Hom-Lohrcns et alj, Int. J. 
Cancer, 60:539-544 (1995) ("Hom-Lohrens 1995"); SchneU et al.. Int. J. Cancer, 63^38-244 
(1995)). Also, MAbs, HeFi-I and M44, had been reported to have antitumor effects dn 
ALCL cells (Tian et al., Cancer Res., 55:5335-5341 (1995); Pfeifer et ai.,Am. J. Patl^oL, 
155:1353-1359 (1999)). These MAbs are known to share the same epitope associate^ with 
CD30-ligand bmding (Franke et al., Hybridoma, 19:43-48 (2000)). These studies suggest 
that immunotoxms containing Fvs that bmd to this epitope would have high cytotoxic 
activity. 

[226] In our study, the six Fvs obtained were all highly reactive to native CD30 on human 
cells by FACS (Table 1). Their epitopes were classified into two groups, I and 11 (Table 2). 
In previous studies, three major groups of epitopes (clusters A, B, and C) on native CD30 
have been identified (Hom-Lohrehs 1995; Franke et al., Hybridoma, 19:43-48 (2000)). This 
study and the two previously mentioned studies mcluded tiie characterization of tiie following 
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MAbs: Ber-H2, HRS-4 and HeFi-L Since epitope I (in our study) and cluster A (in previous 
studies) both include Ber-H2 and HRS-4 and because epitope 11 and cluster C both include 
HeFi-I, it is likely that epitope I and n are the same as cluster A and C, respectively. The 
epitope of Ki-4 (a MAb reported for its inhibitory effects on shedding of CD30) belongs to 
5 the same group, epitope I or cluster A, as the following newly produced MAbs: T6, T13, T14 
and T21 (Hom-Lohrens 1995). T24 and T25, belong to the same epitope group, epitope II or 
cluster C, as HeFi-I, which has been reported to possess anti-tumor activity (Pfeifer et al.. 
Am, J. Pathol, 155:1353-1359 (1999)). Our panel of MAbs, therefore, covers the epitopes of 
the previous MAbs that had been reported to have biological activities. Our previous 
10 immunotoxin, CL2(scFv)-PE38, belongs to epitope I or cluster A (Rozemuller et al, Int J, 
Cancer, 92:861-870 (2001)). 

[227] Production of the dsFv-based Immuno toxins by Use of the Fvs Isolated. We 

obtained unique cDNAs encodmg both the VH and VL of six MAbs (T6, T13, T14, T24, T25 
and Hefi-I) except VH of T21 . All the deduced amino acid sequences were different from the 

15 sequences of the Ki-4 Fv and our previous anti-CD30 scFv (Fig. 2). This suggests that the 
characteristics of unmimotoxins derived from these Fvs are different from previous 
immunotoxins. Because all the sequences contam significant numbers of mutated residues, 
when compared to the closest germ line sequences, these Fvs represent a repertoire of 
antibodies that had undergone the affmity maturation process in vivo. We succeeded in 

20 producing four fully recombinant dsFv-PE3 8s with reasonable yield and purity. j 

[228] Effects of Immunotoxins on Cancer Cells. All the immunotoxins showejspecific 
binding to CD30 on cells with different affinities with Kds varying from 4-410 nM. >• 
Consistent with their binding characteristics, the produced immunotoxins showed specific 
cytotoxic activity on CD30-transfected cells and CD30-positive cancer cells (Table 5). 

25 Several lines of evidence demonstrated that the killing was mediated by binding of thfc Fv 

I 

portions of the immunotoxins to their own epitopes of CD30 on the cells. 

[229] Since the topographical epitope and affmity of each inununotoxin were determined 
in this study, we can analyze the relationship between the cytotoxic activity and these 
properties. The IC50S from cytotoxicity assays varied over a 100-fold range depending on the 
30 immunotoxin and cell line used. Although it is clear that T6 and T14-A bind to epitope I and 
T24 and T25 bind to epitope H, no significant correlation was observed between binding to 
these epitopes and the cytotoxic activities of the immunotoxins. In contrast, vAicn comparing 
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the activity of these immunotoxins on each cell line, their activity was well correlated with 
their affinity. These results suggest that the affinity to CD30 is the primary factor to 
determining the efficacy of these inmiunotoxins. 

[230] Another notable finding firom the cytotoxicity assays is that a large difference was 

5 seen m the susceptibilities of the CD30-positive cell lines to the immunotoxins (Table 5). 
The difference in susceptibility was not related to the CD30 level on the cells but was 
correlated with their IC50 values of an immunotoxin (HB21(scFv>PE40) targeting tiie 
transferrin receptor. These results suggest that the differences in susceptibility to CD30 
targeted toxins may be due to the different sensitivities of the cells to PE, We also 

10 investigated whether soluble CD30, produced by shedding of CD30, might influence the IC50 
by competing for the immunotoxins and explain the difference in susceptibilities. Soluble 
CD30 secreted m the culture supematants of L428 and L540 cells, however, did not inhibit 
the cytotoxicity either of the T6 or T25 immunotoxins on A43 1/CD30 cells. Since only the 
supernatant of CD30 cell lines was used, however, it is possible that the amounts of CD30 

1 5 present were simply notiufficient to successfully compete for binding of immunotoxins with 
CD30+ cells. Because significant cytotoxicity was detected with ahnost all CD30-positive 
cells tested, the factors affectmg the sensitivity of cells to PE have not yet been pursued. 
Several mechanisms have been considered, such as differences in internalization rates of 
CD30 and differences in processing of PE. A preliminary experiment using furin-cleaved 

20 immunotoxins showed that the decreased sensitivity of L540 cells is not due to a defect in 
intracellular processing, which is required for its cytotoxic activity. ^ 

[231] Thus, two powerful immunotoxins, T6 and T25(dsFv)-PE38 were producedf which 
are useful agents for the treatment of CD3 0-positi ve cancers. 

i 
I 

1. 

25 Example 4 

[232] This Example sets forth materials and methods used in Example 5. 

[233] Production of MAbs : Balb/c mice were injected intradermally three tunes with 15 
ug of pHRin30c DNA, which is a plasmid encoding full-length human CD30 under the 
control of a CMV promoter. After 4 weeks, 2 x 10^ L540 cells were injected, i.v. Spleen 
30 cells were harvested on day 3 and fused with Sp2/0 cells usuig PEG. Hybridoma culturing 
was carried out by a standard protocol. 
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[234] EUSAs and FACS : Binding of MAbs to CD30 were tested by two types of 
ELISAs and by FACS. In one type of ELISA (CD30-Fc ELISA), microtiter plates were 
coated with 25 ng/well of CD30-Fc. Culture supematants of hybridoma were added to the 
coated wells, and bound MAbs were detected with HRP-labeled rat anti-mouse kappa chain 
^ 5 monoclonal antibody. A different format of ELISA. Ig-trap ELISA, was also carried out. 

MAbs were captured by anti-mouse IgG coated on the plates, and then reacted with various 
concentrations of CD30-Fc in solution. The bound CD30-Fc was detected with HRP-labeled 
goat anti-human Fc antibody. In the FACS analyses, 2^10^ L540 cells were incubated with 
appropriate dilutions of MAbs in lOOul of PBS containing 5% FBS and 0,1% sodium azide. 
10 The bound MAbs were detected with R-PE labeled anti-mouse IgG. 

[235] Determination of affinity: Each MAb was titered in the CD30-Fc ELISA described 
above and an appropriate dilution for each MAb was selected from the liner range of the 
titration curves. The selected concentrations of MAbs were incubated with serial dilutions of 
CD30-FC (0.1 nM- 100 nM) in culture medium (IMDM containing 15% FBS) at room 

1 5 temperature overnight to reach equilibrium. The free MAb concentration in each equilibrium 
reaction was measured by the same ELISA usmg standard curves. No re-equilibrium 
occurred during the ELISA because of the small amounts of coated CD30-Fc and the short 
time of incubation. The CD30-Fc concentration giving half free MAb was the Kd. If 
[Abjtotal « Kd, when [Ab]=[Ab-Ag] (half-maximal), Kd = [Ab][Ag] / [Ab-Ag] = [Ag] ^ 

20 [Agjtotal I 

[236] Topographical epitope mapping by an ELISA : Mutual competition of e£(ch pair 
of MAbs (e.g., MAb#l and #2) for bindmg to CD30-Fc was examined as follows: Plates were 
coated with goat anti-mouse IgG, and one MAb (e.g. MAb#l) presented in culture • 
supernatant of the hybridoma. In a different plate, CD30-Fc and MAb#2 were mixed? to form 
25 the immune complex. After overnight incubation, the mixture was added to the platefthat had 

i 

been coated with MAb#l. If the MAb#2 reacts to a different epitope from the MAb#l, the 
immune complex binds to MAb#l coated on the plates. If the epitopes of the two MAbs are 
the same, the immune complex cannot bind to MAb#l because the MAb#2 has ahready 
occupied its epitope. 

30 [2371 Effects of soluble CD30 on the MAb binding to CD30-Fc: An appropriate 
dilution of each MAb was reacted with the CD30-Fc coated on the ELISA plate in the 
presence of various dilutions of soluble CD30 (L540 culture sup,), CD30-Fc (positive 
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control) ,and A43 1 culture sup.(negative control). The MAbs bound to the plate were 
detected by HRP-rat anti-mouse kappa MAb. 

Example 5 

5 [238] This Example sets forth the results of studies on new anti-CD30 immunotoxms. 

[2391 Production of anti-CD30 MAbs The spleen cells of mice that were DNA- 
immunized followed by a single injection of CD30-positive cells were fused. This new 
protocol give high yields of total hybridomas and specific (anti-CD30) hybridomas. 

[240] Fusion expermients gave 1 6 anti-CD30 MAbs, all of which reacted to CD30-Fc in 
10 BUS A, The characteristics of these MAbs are sxmimarized in Table 6. 

[241] Reactivities of the anti-CD30 MAbs to different type of CD30 antigen The 

reactivity of the new MAbs was confirmed in a different format of ELISA, m which the 
MAbs captured by anti-mouse IgG coated on the plates, and then reacted with various 
concentrations of CD30-Fc in solution (Ig-trap ELISA). 

1 5 [242] The titers in the two ELIS As did not perfectly correlate to each other. In another 
ELISA using recombinant sCD30 produced in E, coli as the coating antigen, different titers 
were also obtained. The differences among assays might be partially explained by the 
conformational change of CD30-Fc during the coating, difference between the two kinds of 
antigens, or different reactivities of secondary antibodies to different subclass of moifje Ig. 

20 [243] FACS analysis revealed that all the new MAbs reacted to native CD30 on L|40 
cells. The staining intensities were the same as or superior than those of reference MAbs 
(BerH-2, HRS-4, HeFi-I). The FACS data was less quantitative than ELISA, but penpitted 
rough rankings of MAbs by their reactivities. T420 showed the highest intensity of tlie 
staining; while T13, T103, T41 1, T406, T427 exhibited higher reactivities than the other 

25 MAbs. ^ 

[244] As shown in Table 6, the con:elation of the titers to FACS signals was best with Ig- 
trap ELISA. For example, MAb T427 showed the highest reactivity in FACS and m Ig-trap 
ELISA, but not in the CD30-Fc ELISA. It is likely that CD30-Fc in solution keeps a similar 
conformation as the native CD30 antigen on the cell surface and the coating of CD30-Fc on 
30 plastic may slightly alter its conformation. 
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[245] Affinities of the anti-CD30 MAbs To select MAbs with the highest affinities for 
making immunotoxin, the dissociation constants (Kd) of the MAbs to CD30-Fc in solution 
were determined by ELISA. They ranged from 0.9 to 12.4 nM (Table 6). 

'[246] The top 2 MAbs in the affinity ranking were T427 (Kd=0.9nM) and T420 
5 (Kd=l .9nM), which were also ranked in the top 6 MAbs in FACS and Ig-trap ELISA. From 
these data, it was concluded that T427 and T420 were the two best binders to CD30 molecule 
on cells. 

[247] Competitive binding assay to determine topographical epitopes of the anti- 
CD30 MAbs Because of the possibility that the epitopes of antibodies and immunotoxins 
1 0 made from tliem may relate to their efficacy, we determined the topographical epitopes of the 
new anti-CD30 MAbs. 

[248] To do this, we developed a new competitive ELISA method, which enabled us to 
map the topographical epitopes. Usually, antibody purification and labeling is necessary to 
establish a competitive assay for two MAbs. Our new method does not require the 
15 purification and labeling of MAb(s). In addition, we showed that the method is applicable to 
hybridoma culture supernatant before cell cloning without determination of the 
concentrations of MAbs. 

[249] Pairs of MAbs were examined for their competition with each other. CD30-Fc 
(lOng/ml) was incubated with more than a 100-fold excess amount of the competitor J|lAb 
20 (->1 |ig/ml). In this condition, competition by the self-MAb usually reached to 90%.^ 

[250] When mutual competition was observed, the two MAbs were considered to share 
the same epitope. For grouping of the epitopes, inconsistency was minimized. A total of 6 
groups of epitopes were identified using 28 anti-CD30 MAbs. If the binding of some|MAbs 
' in one group affected the binding of a MAb in another group or were affected by the binding 
25 of MAbs that bound to a different epitope, the MAbs were classified as a subgroup. Epitope 
("Ep") 11 and Ep III were divided into two subgroups by these criteria. 

[251] Assignment of reference MAbs and our MAbs in the epitope mapping were 
consistent with the litemture and previous competitive FACS analysis. Our new MAbs 
defined EpIIa, EpIIIa and EpVI for the first tune. The competition pattern demonstrated the 
30 clustering of EpII, EpIII and EpIV, because an EpIIb MAb was competed by EpIII MAbs and 
because EpIIIb MAbs competed with EpIV MAbs. A relationship was also shown between 
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EpI and EpIII, because one ^mb MAb (T427) inhibited the binding of some EpI MAbs 
(Ber-H2, T13 and T420); some EpI MAbs (T7, T13, T103) competed with some of the Epffl 
MAbs. It appeared that EpV might be related to EpIIa, because one EpV MAb (T201) 
showed a weak competition to the binding of some EpIIa MAbs. Bp VI is an independent 
5 epitope. 

[252] Reactivity of the anti-CD30 MAbs to soluble CD30 produced by shedding of 
CD30 on cells. It is known that the extracellular domain of CD30 can be cleaved by cellular 
proteases such as TIMP-3 to produce a soluble CD30 molecule. Soluble CD30 could inhibit 
the binding of some anti-CDSO MAbs and immunotoxins to full-length of CD30 expressed on 
10 the surface of cancer cells. We, therefore, examined the reactivity of the anti-CD30 MAbs to 
soluble CD30 produced by L540 cells. 

[253] The binding of soluble CD30 (culture supernatant of L540 cells) to each MAb was 
tested in a competitive ELISA. Each MAb was reacted to CD30-Fc coated on the plates in 
the. presence of soluble CDSO, CD30-Fc (positive control), or A431 culture supernatant 

1 5 (negative control). The competition by soluble CD30 varied depending on the epitope bound 
by the MAb. Soluble CD30 inhibited the binding of Ep I, HI, and IV MAbs to an extent 
similar to that of CD30-Fc (control), suggesting that soluble CD30 possesses these epitopes. 
As for the MAbs for Ep lib and V, the inhibition by soluble CD30 was seen but was only 
partial when compared to that by CD30-Fc. The competition curves of soluble CD30, and 

20 CD30-FC were not parallel, suggestmg a qualitative difference of the epitopes in thea| two 
antigens. Epilb and V are apparently located near the cleavage site and on soluble Cp30 side 
and the cleavage might slightly alter the epitope structure. In contrast to the above refeults, no 
competition by soluble CD30 was observed with MAbs for Ep Ha and VI. This indicates that 
these two epitopes do not exist on soluble CD30. It is believed that the two epitopes jremain 

25 on the cell surface after cleavage of sCD30 (non-shed epitopes). There remain a les^r 
possibility that the epitopes are destroyed jby the cleavage of sCD30. In either case, 
antibodies bmding to these q)itopes bind to native CD30 prior to its cleavage and not to 
sCD30. Tlius, if llie intent is to bind antibodies to cells expressing CD30, lower quantities of 
antibodies binding to these antibodies would be needed dian would be needed of antibodies 

30 that bind to sCD30. The non-shed epitopes identified by our new anti-CD30 MAbs have not 
previously been reported. 
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[254] Relationship between the biological activities of the anti-CD30 MAbs and their 
epitopes Biological activities of anti-CD30 MAbs may add advantageous or 
disadvantageous properties to immunotoxins using the MAbs as their targeting moieties. The 
biological activities of MAbs are probably related to their epitope locations. It is, therefore, 
5 important to know the relationship between the biological effects of MAbs and their epitopes. 

[255] CD153, commercially available from Research Diagnostics Inc. (Flanders, NJ), is 
the CD30 ligand (CD30L) expressed on some type of activated lymphocytes. The binding 
site of CD30L on CD30 had been anal}'zed using several anti-CD30 MAbs and recombinant 
soluble CD30L (Franke et al., Hybridoma, 19:43-8 (2000)) . The competitive effect of each 
1 0 MAb on the binding of CD30L to native CD30 on Karpas299 cells was measured. As a 
result, it was concluded Ep I (BerH-2 and HRS-4) and Ep lib (HeFi-I) are on or close to the 
bindmg site for CD30L. Ep V (Ki-I and M67) was estimated to be far from the binding site. 

[256] Some anti-CD30 MAbs have been shown to inhibit or enhance the shedding of 
CD30 from Karpas299 cells (Horn-Lohrens et al., 1995). BerH-2 and Ki-4 (both of which 
15 recognize Ep I) showed inhibitory effects on the shedding. In contrast, HeFi-I (which binds 
Ep nb) and Ki-I (which binds Ep V) enhanced the shedding of CP30. Our mapping 
experiments show that both Ep lib and Ep V are defmed as "near cleavage" epitopes. Thus 
the binding of MAbs to these epitopes might change the conformation of the cleavage site 
and increase its accessibility to shedding enzymes. i 

j 

20 [257] CD30 has been implicated both in cell death and in proliferation. There areyjseveral 
reports on the effects of anti-CD30 MAbs on various types of cells. Mir et al., Bloodf 
96:4307-12 (2000), reported the induction of cell death (usmg Karpas299 cells, an anaplastic 
large cell lymphoma cell line) by treatment with M67 MAb (which binds Ep V). Testing of 
some of our MAbs in the same assay suggested that antibodies tliat bound EpI, EpIIl| and 

25 EpIV have no activity on inducing apoptosis. M67 MAb was also reported to stimulate 
proliferation of some T-cell lines and for Ig secretion from EBV-transformed B-cell lines 
(Gruess et aL, Blood. 83(8):2045-56 (1994)). HeFi-I (which binds to Ep lib) was reported to 
show in vivo inhibitory effects on Karpas299 and Michael cell growth (Tian et al. 1995). In 
the same paper, BerH-2 showed no effects on cell growth. Considering the information in 

30 • these references, antibodies that bind to epitopes lib and V may show relatively strong 

agonistic activities. It should be remembered, however, that these effects might be related to 
dimerization of CD30 by the MAbs. 
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[258] Location of epitopes on CD30 structure based on the results A model of Ac 
structure of CD30 was constructed from the results of our studies. Comparisons of the cross 
competition of the various antibodies peraiitted the following relative positions of the 
epitopes to be deduced: (1) Epitopes H, HI, IV are close to each other because members 
showed cross competition for the binding to CD30; (2) Epitopes I and HI are close to each 
other, again because of cross competition; (3) Epitopes I, HI and FV are far from the cleavage 
site; (4) Epitopes lib and V are close to the cleavage site; (5) Epitopes Ila and VI are epitopes 
which are not shed by cleavage, or are located at the cleavage site; (6) Epitopes I and lib are 
on or near the CD30L binding site. 



Example 6 

[259] . This Example sets forth methods and results of studies on complement-dependent 
cytotoxicity. 

[260] Methods. Anti-CD30 antibodies and rabbit antimouse F(ab')2 were diluted with 
culture medium. Cells were resuspended at a density of 1 x 106 cells/mL with culture 
medium. Complement was rehydrated with culture medium. Assays of antibodies were 
conducted by adding 50^L of the anti-CD30 antibody (in medium containmg 5-fold excess of 
a secondary antibody and 9-fold dilution of complement), with or without a secondary 
antibody, to a flat bottom tissue culture 96-well plate, along with 50\iL of 1/3 dilutioii of 
complement, and SO^L of a cell suspension (5 x 10^* cells/well). The mixture was inctibated 
for 4 hours at 37°C m a 5% CO2 incubator. 1 O^L of solution of the tetrazolium salt ^ST-l 
(available, for example, from Roche Diagnostics Corporation (Indianapolis, IN) was ^ded to 
each well of the plate. After 15 hours of incubation at 37°C, 5% CO2, the absorbance was 
read at 450/650nm. 

[261] Results. As shown m Figures 6a and 6b, studies usuig tiie CD30+ cell line 
Karpas299, an anaplastic large cell lymphoma cell line, antibodies T420, T427, T405 and 
AGIO showed complement-dependent cytotoxicity at 1 ^g/mL. On L540 cells, a Hodgkin's 
disease cell line, these antibodies showed complement-dependent cytotoxicity at 1 ng/mL, as 
did the IgG2a antibody T408. 
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Example 7 

[262] This Example reports the results of studies on the cytotoxicity of hnmunotoxins T6, ? 
T104, T201, and T408 on a cell line, A431, transfected with CD30, and the same cell line 
transfected with an irrelevant antigen, CD25. The antibodies were made into dsFv 
5 inununotoxins using PES 8 as an exemplar toxin. 

[263] Cell were seeded mto 96-welI plates at a concentration of 2,0 x 10"* cells/well and 
incubated for 24 hours. The inununotoxins were diluted in Dulbecco's Modified Eagle 
Medium (DMEM) were added to the wells, resulting in final concentrations ranging from 
0.0064 to 100 ng/mL. After incubation for 24 hours, 2 jiCi of [^HJleucine was added per well 
10 and incubated for 3 hours. The cells were then frozen and thawed twice and harvested onto 
glass filters using a cell harvester. The radioactivity associated with the cells was determined 
in an automated scintillation counter. As shown in Figures 7a and 7b, inununotoxins made 
with T6 and T201 were quite potent in killing CD30-expressing cells, while the 
immunotoxins had only friodest cytotoxicity to cells expressing an irrelevant antigen. 

15 

Example 8 

[264] This Example reports the results of studies on the cytotoxicity of immunotoxins T6, 
T13, T105, and T201 on (1) cell line SUDHLl, from an anaplastic large cell lyniphoriia, (2) a 
Hodgkins' Disease cell line, L540, and (3) a Burkitt's lymphoma cell line, Ramos, th^ does 
20 not express CD30. The antibodies were made into dsFv immunotoxins using PE38 a5 an 
exemplar toxin. 

4 

s 

[265] Cell were seeded into 96-well plates at a concentration of 2.0 x 10"* cells/wefl and 
incubated for 1 hour. The immunotoxins were diluted in RPMI medium and were added to 
the. wells, resulting in final concentrations ranging from 0.032 to 500 ng/mL. After 
25 incubation for 24 hours, 2 |a.Ci of [^Hjleucine was added per well and incubated for 3 hours. 
The cells were then harvested onto glass filters using a cell harvester. The radioactivity 
associated with the cells was determined in an automated scintillation coimter. As shown m 
Figures 8a-c, all four inununotoxins showed considerable cytotoxicity to SUDHLl cells, 
much less cytotoxicity to L540 cells, and almost no activity against the control Ramos cells. 
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[266] It is understood that the examples and embodiments described herein are for 
Ulustrative purposes only and that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included within the spirit and purview of 
this application and scope of the appended claims. All publications, patents, and patent 
applications cited herein are hereby incorporated by reference in their entirety for all 
purposes. 



> 
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Table 1 Characteristics of Selected Anti-CD30 MAbs 



Name 


Isotype 


Titer in ELS A 
(ml/ng)" 


Relative reactivity to native 
CD30 on cells in FACS 
analysis (% of control)'' 


Topographical 
epitopes'' 






sCD30 


CD30-FC 


L428 (CDSO-low)" L540 (CDSO-high)" 


T6 


yl,K 


/4.1 


4U.U 


140 0 


111 1 


I-a 


T13 


yl,K 


o /./ 




180.0 


111.1 


I-a 


T14 


Y2b,K 


138.9 


100.0 


60.0 


100.0 


I-b 


T21 


yl,K 


128.2 


66.6 


160.0 


111.1 


I-b 


T24 


yl,K 


102.0 


179.2 


160.0 


116.7 


n-b 


T25 


yl,K 


135.1 


50.0 


80.0 


27.8 


n-c 


HeFi-f 


yl,K 


105.3 


ND^ 


100.0 


100.0 


n-a 


Ber-H2* 


yl,K 


50.0 


75.0 


160.0 


111.1 


I-a 


HRS-4' 


yl,K 


ND 


50.0 


ND 


ND 


I-a 



^The reciprocal of the MAb concentration needed to attain an absorbance of 
0.2 in ELISA when a positive control (BerH-2, 40 ng/nil) had an absorbance value of 0.4 in 



the same plate. These values are equal to the titers of 1 |ig/nil of MAb solution. Li the 
5 ELISA, sCD30 or CD30-Fc was coated on the plates and various concentrations of MAbs 
were added. Tlie titer was calculated from the titration curves by using second degree 
polynomial curve-fitting after logit-log transformation of the data. All MAbs did not react to 
a negative control (recombinant PAGE-4 protein with His-tag) in a similar ELISA. j 

^The fluorescence intensity of the cells stained with each MAb in FACS 

J-' 

10 analysis. CD30-positive cells, L428 or L540, were incubated with each MAb (5 |ig/ml), and 
then followed by incubation with FITC-labeled anti-mouse IgG. The sensitivity of thp 
detector for fluorescence was set to an appropriate range using a positive control (Hefi-I) and 
a negative control (mouse IgGl), The values were determined from the peak of the \ 
histograms and shown as the percentage of the positive control. The fluorescence levels of 

15 the negative control were 16% and 0.2% for L428 and L540, respectively. 

^topographical epitopes determined in an competitive FACS analysis shown 
in Table 2. Two primary groups of epitopes, I and H, were identified and they were divided 
into subgroups (a, b, c). 
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numbers of CD30 molecules on L428 and L540 had been estimated as 
4.6 X 10"* and 5.2 x 10^ per cell in a Scatchard analysis using radiolabeled HRS-4 MAb. 

^Anti-CD30 MAbs established in previous studies were used as positive 
controls in this study. 
5 ^Not determined 

Table 2 Topographical epitope mapping of anti-CD30 MAbs by a competitive FACS 
analysis^ 



MAb Inhibition of the binding of indicated biotin-MAb to L540 cells Topographical 

epitopes^ 

HRS-4 T6 T14 HeFi-I T24 T25 



Ber-H2 


80.3 


75.6 


107.5 


0.0 


18.2 


23.3 


. I-a 


HRS-4 


82.6 


.87.4 


107.5 


0.0 


3.9 


25.0 


I-a 


T6 


97.9 


100.0 


107.5 


0.0 


3.9 


25.0 


I-a 


T13 


82.6 


87.4 


107.5 


0.0 


40.1 


26.7 


I-a 


T14 


0.0 


1.5 


90.6 


0.0 


0.0 


20.2 


I-b 


T21 


2.7 


52.6 


100.0 


6.1 


3.9 


26.7 


4 


HeFi-I 


0.0 


0.0 


0.0 


98.0'* 


33.4 


8.4 


ri-a 


T24 


52.2 


1.5 


16.1 


79.8 


82.8 


97.8 


I^-b 


T25 


0.0 


1.5 


-1.3 


0.0 


0.0 


79.8 


ij-c 



^L540 cells were stained with 50 ng/ml of each biotinylated MAb in the presence or 



10 absence of 2.5 |ig/ml of various unlabeled MAbs (50-fold excess). The cell-bound biotinylated 

MAbs were detected by streptavidin conjugated with R-phycoerythrine. The detector sensitivity of 
FACS machine had been adjusted to give a sub-linear dose response for biotinylated MAbs 
concentrations of 0-500 ng/ml. The used concentration (50 ng/ml) of the biotinylated MAbs 
corresponded to the dose that gave 50% fluorescence intensity in the titration curves. 
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fluorescence intensities of the peaks in the histograms were log-converted 
corrected for background contribution by subtraction of the value of non-stained cells and were 
expressed as the percentage of the competition. 

topographical epitopes determined by the competition pattern. At first, MAbs 
5 were classified in the same epitope when the unlabeled MAb decreased the binding of biotinylated 
MAb to less than 25% of control (>75% of competition). The identified two primary epitopes (I 
and II) then divided into subgroups (a, b, c) based on the inhibition pattern to the panel of 
biotinylated MAbs. 

"^Inhibitions of more than the threshold (75%) for the epitope assignment are 

10 underlined. 

Table 3 Production of anti-CD30 dsFv immunotoxins® 

dsFv Recovery of recombinant prot Recovei 

immunoto3dn as inclusion bodies (mg/L of co/i culture) dsFv-PE38 after 

VH(Cys)-PE38 VL(Cys) refolding and purifies 

(%)" 



HeFi-I 


4 


55 


1 

i 


T6 


65 


35 


T13 


4 


60 


f 

\ ND 


T14-A 


350 


60 


i 7.5 

t: 


T14-B 


350 


50 


r 

■ notpvire 


T24 


103 


113 


5.3 


T25 


90 


.28 


1.0 



^Each recombinant protein was separately expressed in E. coli BL21(A.DE3). The 
proteins accumulated in inclusion bodies were harvested by centrifugation. After solubilization and 
1 5 reduction, each VL(Cys) chain protem was combined with the appropriate VH(Cys>PE38 chain 
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and refolded into dsFv-PE38 as described in Example L Properly refolded dsFvs were purified by 
anion exchange and gel filtration column chromatography. 

*The recovery percentages of the purified dsFv-PE38 from the inclusion bodies. 

"^ot done, due to the low expression of the VH(Cys)-PE38 chain. 

*^Pure dsFv-PE38 could not be obtained by the protocol that had been established for 
the other dsFv-immunotoxins. 



Table 4 Kinetic constants for the purified anti-CD30 dsFv immunotoxins and anti-CD30 
MAb interacting with immobUized sCD30 by a surface plasmon resonance analysis' 



Sample 


On rate 


Off rate 


Affinity 




Ko„(M-^s-') 


BCoff(s') 


Kd(nM) 


T6(dsFv)-PE3 


6.7 X 10" 


1.5 X 10-^ 


22 


T14-A(dsFv)-PE38 


1.1 X 10'* 


5.2 X 10'^ 


410 


T24(dsFv)-PE38 


1.0 X 10^ 


1.0 X 10"^ 


100 


T25(dsFv)-PE38 


4.4 X lO" 


1.6 X lO"'* 


4.0 


CL2(scFv)-PE38 " 


3.8 X 10" 


2.2 X 10'^ 


56 


HeFi-IMAb' 


7.2 X 10* 


5.4 X 10-" 


7.8 ,j 



"Samples (25 |xg/ml) were injected over sCD30 proteins immobilized ;bn the sensor 
chip then allowing the bound material to dissociate in the buffer flow. The surface i^asmon 
resonance measured by BIAcore machine was analyzed using BIAevaluation 2.1 so|ware. 

••An anti-CP30 scFv immunotoxin previously produced (Rozemuller et al., Int. J. 
Cancer, 92:861-870 (2001)). 

The value is not corrected for the bivalency of MAb. . 

Table 5 Susceptibilities of various cell lines for anti-CD30 immunotoxins 
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Cell lines 


Source* 


T6 


ICso (ng/ml) in cytotoxicity test" 
T14-A T24 T25 HB21 


CD30 level 


A431/CD30 


TF 


0.5 


300 


10 


0.3 


0.02 


OAA 
ZOU 


A431/CD25 


TF 


200 


500 


500 


500 


0.03 


^1 A 


KM-H2 


HL 


20 


NT 


NT 


12.5 


0.2 


O^A 


L428 


TTT 
HL 


/I An 


>1000 


>1000 


1000 


3.0 


ljU 


L540 


HL 


60 


>1000 


>1000 


60 


5.0 


QAA 


L591 


TTT 

HL 


40 


NT 


NT 


40 


1.0 


ZjU 


SR-786 


ALCL 


OA 

80 


>1000 


500 


40 


3.0 


/CAA 
OOU 


SUDHL-l 


ALCL 


6.0 


NT 


20 


3.0 


0.05 


a A A 
J 00 


SUP-M2 


A T /^T 

ALCL 


12 


NT 


60 


7.0 


0.02 


O^A _L 1 AAA^ 


KARPAS-299 


ALCL 


6.0 


>1000 


100 


10 


0.3 


500 


HUT102W 


ATL 


150 


NT 


NT 


25 


1.5 


250 


SIT 


ATL 


50 


NT 


NT 


50 


0.5 


120 


DEL 


Mli 


NT 


NT 


500 


100 


NT 


NT 



^TF, transformant; HL, Hodgkin's lymphoma; ALCL, anaplastic large cell 



lymphoma; ATL, adult T-cell leukemia; MH, malignant histocytosis. 

*^The average IC50 values in 1-5 different cytotoxicity experhnents. T6, anti- 

i 

CD30 T6(dsFv)-PE38; T14-A, anti-CD30 T14-A(dsFv>PE38; T24, anti-CD30 T24(jisFv)- 

i 

5 PE38; T25, anti-CD30 T25(dsFv)-PE38; and HB21, anti-transfemn receptor HB21(scFv>PE40. 

i 

^e fluorescence intensity of the cells stained with anti-CD30 T25 MAb in 
FACS analysis are shown in arbitrary unit (a.u.). The numbers of CD30 molecules qn L428 and 
L540 had been estimated as 4.6 x 10 and 5.2 x 10 per cell in a scatchard analysis ufiing 
radiolabeled HRS-4 MAb, 

10 ^This cell line consists of two populations with different levels of CD30 

expression. 
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Table 6 Summary of anti-CD30 monoclonal antibodies and dsFv-PE38 immonotoxins 
made from their Fvs ^ 



Clone ^ Epitope*" Affinity of MAb Affinity of dsFv Cytotoxicity of 

iminunotoxin® dsFv immunotoxin 

(Kd^nMJ (Kd,nM) aC50,ng/ml) 

T6 I 13.0 22.0 0.4-0.8 

T13 I 3.1 NT 0.7 

T14-A I . NT^ 410.0 300 

T24 nib 2.2 100.0 10.0 

T25 IV 6.4 4.0 0.2-0.8 

T420 I 1.9 NT 1.5 

T105 Ila (stalk) 4.2 NT 0.6 



5 ^ All Fvs listed were converted to dsFv-imniunotoxins. There is no clear 

correlation between the affinities of the parental antibodies and the affinities and cj^otoxicities 
of the derived immunotoxins; indicating thatit cannot be predicted which Fvs are suitable for 
use as recombinant immunotoxins. 

^ All Fvs were molecuiarly cloned. Deduced amino acid sequences ait shown in 

n 

10 Figure2. % 

^ Topographical epitope determined by competitive ELISA assay using GD30-Fc 

protein. 

Afifinity of MAbs was deteraiined in ELISA using CD30-Fc. | 

* Affinity of immunotoxins was determined in biosensor analysis (BIAcore) using 
15 soluble CD30 made in E.coli. 

' Cytotoxicity against A43 1/CD30 cells. Inhibition concentration 50 (IC50) was 
determined by inhibition of cellular protein synthesis after 24 hr treatment of various 
concentrations of inomunotoxin. 

2 NT, not tested. 
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^ Assay shows cytotoxicity, but was not conducted under conditions that 
would show advantage of stalk-binding ITs in avoiding dilution by binding to free sCD30. 



Table 7: Summarj^ of anti CD30 immunotoxins 



All 11* 




Sob- 


IT 


Affi- 




Cyto- 


(IC50, 


SUD- 


Ramos 


UUUjr 




class 


Yield 


nity 


nM) 


toxicity 


ng/mL) 


HLl 








Mab 


rr 


A431/ 


Karpas 
















CD30 


299 






T6 
1 \j 


T 

Ji 


Gl 


3.0 


13.0 


22(17) 


0.5 


6 


6(3) 


>500 


T7 


I 


A 


not pure 


3.5 


ND 


ND 


ND 


ND 


ND 


T13 


I 


Gl 


7.25 


3.1 


24 


0.7 


18 


27(3) 


>500 


T14 


I 


G2b 


7.5 


NT 


410 


300 


ND 


ND 


ND 


T420 


I 


G2b 


4.27 


1.9 


58 


1.5 


53 


18 


>500 


T25 


IV 


Gl 


LO 


6.4 


4 


0.3 


10 


3 


ND 


T24 


Illb 


Gl 


5.3 


2.2 


100 


10 


ND 


ND 


ND 


T427 


Illb 


G2a 


5.18 


0.9 


36 


2.1 


41 


13 


>500 


HeFi- 


nb 


Gl 


ND 


2.4 


ND 


ND 


ND 


ND 


ND 


I 

T104 


V 


Gl 


5.61 


7.4. 


(70) 


14 


230 


ND 


>500 


T201 


V 


Gl 


9.44 


8.3 


.(.yi... 


0,6 


6 




>500 


T105 


na 


Gl 


5.5S 


4.2 


12 


0.6 


17 


8(2.8) 


>500 


T215 


Ila 


Gl 


not 


5.9 


ND 


ND 


ND 


ND 


ND 








refolded 














T405 


VI 


G2b 


5,85 


5.7 


310 


200 


>100 


>100 


ND 


T408 


VI 


G2a 


0.46 


6.4 


(330) 


80 


340 


ND 


>500 



Notes: Immunotoxins (IT) were ail dsFvs. To peraiit ready comparison, all were made with 
the same toxin, PE38. A43 1/CD30, Karpas299 and SUDHLl cells express CD30; Ramos 
cells do not and were used as a negative control. Figures not in parentheses are from4tudies 
done on one day, figures in parentheses are from studies performed on a second day. , 
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